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Background of the Investing 

Diabetes adversely affects the way the body uses sugars and starches which, during 
digestion; are converted into glucose. Insulin, a hormone produced by the pancreas, makes 
the glucose available to the body's cells for energy. In muscle, adipose (fat) and connective 
tissue* insulin facilitates the entry of glucose into the cells by an action on the cell 
membranes. The ingested glucose is normally converted in the liver to CC^ and H 2 0 
(50%); to glycogen (5%); and to fat (3(M0%), me latter being stored in for depots. Fatty 
acids from the adipose tissues are circulated, returned to the liver for re-synthesis of 
triacylglycerol and metabolized to ketone bodies for utilization by the tissues The fatty 
acids are also metabolized by other organs. Fat formation is a major pathway for 
carbohydrate utilization. 

The net effect of insulin is to promote the storage and use of carbohydrates, protein 
and fat. Insulin deficiency is a common and serious pathologic condition in man. In insulin- 
dependent (©DM or Type I) diabetes the pancreas produces little or no insulin, and insulin 
must be injected daily for the survival of the diabetic. In noninsulin-dependent (NIDDM or 
Type H) diabetes the pancreas retains the ability to produce insulin and in fact may produce 
higher than normal amounts of insulin, but the amount of insulin is relatively insufficient, 
or less than fully effective, due to cellular resistance to insulin. 

Diabetes mellitus (DM) is a major chronic illness found in humans with many 
consequences. Some complications arising from long-standing diabetes are blindness 
kidney failure, and limb amputations. Insulin-dependent diabetes mellitus (IDDM) accounts 
for 10 to 15% of all cases of diabetes mellitus. The action of IDDM is to cause 
hyperglycemia (elevated blood glucose concentration) and a tendency towards diabetic 
ketoacidosis (DKA). Currently treatment requires chronic administration of insulin. Non- 
insulin dependent diabetes mellitus (NIDDM) is marked by hyperglycemia that is not 
linked with DKA. Sporadic or persistent incidence of hyperglycemia can be controlled by 
administering insulin. Uncontrolled hyperglycemia can damage the cells of the pancreas 
which produce insulin (the pMslet cells) and in the long term create greater insulin 
35 deficiencies. Currently, oral sulfonylureas and insulin are the only two therapeutic agents 
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available in the United Stales, for treatment of Diabetes mellitus. Both agents have the 
potent for producing hypoglycemia as a side effect, reducing the blood glucose 
elation to dangerous levels. There is no generally applicable and consistently 
effect™ means of rnaintaming an essentially normal fluctuation in glucose levels in DM 
The resuham treatment attempts to nmumize the risks of hypoglycemia while keeping the 
glucose levels below a target value. The drug regimen is combined with control of dietary 
intake of carbohydrates to keep glucose levels in controL 

In either form of diabetes there are widespread abnormalities. In most NIDDM 
subjects,** fundamental defects to which the abnormalities can be traced are (1) a reduced 
entry of glucose into various "peripheral" tissues and (2) an increased liberation of glucose 
into the circulation from the liver. There is therefore an extracellular glucose excess and an 
intracellular glucose deficiency. There is also a decrease in the enny of amino acids into 
muscle and an increase in lipolysis. Hyperlipoprotememia is also a complication of 
diabetes. The cumulative effect of these diabetes-associated abnormalities is severe blood 
vessel and nerve damage. 

Endocrine secretions of pancreatic islets are regulated by complex control 
mechanism, driven not only by blood-borne metabolites such as glucose, amino acids and 
catecholamines, but also by local paracrine influences. Indeed, pancreatic a- and f^cells 
are critically dependent on hormonal signals generating cyclic AMP (cAMP) as a 
synergistic messenger for nutrient-induced hormone release. The major pancreatic islet 
hormones, glucagon, insulin and somatostatin, interact with specific pancreatic cell types to 
modulate the secretory response. Although insulin secretion is predominantly controlled by 
blood glucose levels, somatostatin inhibits glucose-mediated insulin secretion. 

The human hormone glucagon is a polypeptide hormone produced in pancreatic A- 
cells. The hormone belongs to a multi-gene family of structurally related peptides that 
include secretin, gastric inhibitory peptide, vasoactive intestinal peptide and glicentin. 
These peptides variously regulate carbohydrate metabolism, gastrointestinal motility and 
secretory processing. However, the principal recognized actions of pancreatic glucagon are 
to promote hepatic glycogenolysis and glyconeogenesis, resulting in an elevation of blood 
sugar levels. In this regard, the actions of glucagon are counter regulatory to those of insulin 
and may contribute to the hyperglycemia that accompanies Diabetes mellitus (Lund et al 
(1982) ?£A& 79:345-349). 

Preproglucagon. the zymogen form of glucagon, is translated from a 360 base pair 
gene and is processed to form proglucagon (Lund, et al., saEQ). Patzelt, et al (Nature. 
282:260-266 (1979)) demonstrated that proglucagon is further processed into glucagon and 
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a second peptide Later experiments demonstrated that proghicagon is cleaved carboxyl to 
Lys-Arg or Arg-Arg residues (Lund et aL, subs; and Bell et al (1983) Nature 302:716- 
718). Bell et al. also discovered that proglucagon contained three discrete and highly 
homologous peptide regions which were designated glucagon, glucagon-like peptide 1 
(GLP-1), and glucagon-Kke peptide 2 (GLP-2). GLP-1 has attracted increasing attention as 
a humoral stimulus of insulin secretion. In humans, this 29-ammo acid peptide, cleaved 
from proglucagon by cells of the intestinal mucosa, is released into the circulation after 
nutrient intake (Hoist et al. (1987) FEBS Lett 211:169; Orskov et al. (1987) Diabetologia 
30:874; Conlon J (1 988) Diabetolora 3 ] ^ 63) . 

GLP-1 has been found to be a glucose-dependent insulinotropic agent (Gutniak et 
aL (1992) N. Engl. J. Bled, 326:1316-1322). GLP-1 is now known to stimulate bsulin 
secredon (insulinotropic action) causing glucose uptake by cells which decreases scrum 
glucose levels (see, e-g., Mojsov, S., Int. J. Peptide Protein Research, 40:333-343 (1992)). 
For instance, it has been shown to be a potent insulin sccretagogue in experimental models 
and when infused into humans (Gumiak et al„ supra; Mojsov et aL (1988) J Clin Invest 
79:616; Schmidt et al. (1985) DjabetoJagjs 28:704; and Kreymann et al. (1987) Lancet 
2:1300). Thus, GLP-1 is a candidate for the role of an "incretia", having augmentary 
effects on glucose-mediated insulin release. 

It is also noted that numerous GLP-1 analogs have been demonstrated which 
demonstrate insulinotropic action are known in the art These variants and analogs include 
for example, GLP-l(7-36), Gln,-GLP-l(7-37), 0-0*9^-1(7-37), acctyl-Lysj-GLP-K?- 
37), Thr 16 -Lys ir GLP-l(7-37), and Lys 18 -GLP-l(7-37). Derivatives of GLP-l include, for 
example, acid addition salts, carboxylate salts, lower alkyl esters, and amides (see, e e 
W091/U457). 



Objects of the Invention 

It is one object of this invention to provide improved methods for reducing in 
aiiimal subjects (including humans) in need of such treatment at least one of insulin 
resistance, hyperinsulinemia, and hyperglycemia and abating Type U diabetes. Another 
object is to provide improved methods for reducing at least one of body fat stores, 
hyperlipidcmia, hyperlipoproteinemia, and for abating atherosclerosis. It is another object 
of this invention to provide methods for interfering with glucose and/or lipid metabolism in 
a manner beneficial to the hosL 
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It is yet another object of this invention to provide improved methods for the long, 
term reduction and abatement of at least one of the foregoing disorders based on a 
therapeutic regimen administered over the short-term. 

his still another object of the piesem invention to provide a method for regulating 
and atenng on a long term basis, the glucose and lipogenic responses of vertebrate animals, 
including humans. ' 

^ particular, it is an obje« of me inv^ 
lastmg beneficial changes in one or more of the following: the sensitivity of the cellular 
response of a species to insulin (reduction of insulin resistance), blood insulin levels 
hyperinsuJinemia, blood glucose levels, the amount of body fat stores, blood lipoprotein 
levels, and thus to provide effective treatments for diabetes, obesity and/or atherosclerosis. 

Brief Descri ption of the Drawh. g. 

Figure 1 is a diagrammatic representation of the synthesis of a boro proline 
15 compound. 

Figure 2 is a glucose tolerance curve which shows that a single injection of PBP-1 
improves glucose levels in blood. The glucose concentration is measured before and at 30- 
minute intervals after the test dose of glucose. This figure demonstrates that a single 
injection of PBP-1 potentiates the response to a sub-therapeutic dose of GLP-1. 
20 Figure 3 shows that a single injection of PBP-2 improves glucose levels in blood. 

Figure 4 shows that treatment with PBP-3 under "chronic' conditions also results in 
lowering of the blood sugar levels. 

Figures 5Aand 5B compare the ability of Pro-boro-pro to lower plasma glucose 
levels in GLP- 1 receptor -/- transgenic mice. 

25 



- Detailed D escription of the Invention 

Glucose-induced insulin secretion is modulated by a number of hormones and 
neurotransmitters. In particular, two gut hormones, giucagon-like peptide-1 (GLP-1) and 
30 gastric inhibitory peptide (GIP) are insulinotropic agents, eg., being agents which can 
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stnnulate, or cause the simulation of, the synthesis or expression of the hormone insulin 
are thus called gluco-incretins (Dupre, in The Endocrine E Samois Ed. (Raven" 

Press, New York, (1991), 253-281); and Ebert et aL (1987) DfeMetab. Rev p3 ) 
Glucagon-lflce pepude-1-is a ghcoincretin both in man and other mammals (Dupre et aL 
Tf*** « * (1987 > *«« 2:300). It is part of the prepn.glucagon molecule 

(Bell et al. (1 983) ^ture 304:368) which is proteoryticaUy processed in intestinal L cells to 
GLP-K1.37) and GUM(7-36)amide or GLP-l(7-37) (Mojsov et aL (1986) IBiokQjem. 
261:11880; and Habener et aL: Jhe gndocn^ £. Samois Ed. (Raven Press, New 

York (1991), 53-71). Only the truncated forms of GUM are biologically active and both 
have identical effects on insulin secretion in beta cells (Mojsov et aL (1987) i^JmJnvKt 
79:616; and Weir et al. (1989) Djabejcj 38 338). They are the most potent gluco-incretins 
so far described and are active at concentrations as low as one to ten picomolar. 

The metabolic fete of exogenous GLP-1 has been studied in nondiabetic and type II 
diabetic subjects. Subcutaneous and intravenous GLP-1 are both rapidly degraded in a time- 
dependent manner, for instance, having a half-life in diabetic patients of substantially less 
than 30 minutes. See, for example, Deacon et al. (19951 Diabetes 44:1 1 36.1 1 1 1 
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L Overview of the Invention 

The present invention provides methods and compositions for modification and 
regulation of glucose and lipid metabolism, generally to reduce insulin resistance 
hyperglycemia, hyperinsuliaemia, obesity, hypernpidernia, hyperUpoproteuvemia (such as 
chylomicrons, VLDL and LDL). and to regulate body fat and more generally lipid stores 
and, more generally, for the improvement of metabolism disorders, especially those 
associated with diabetes, obesity and/or atherosclerosis. As described in greater detail 
below, the subject method includes the administration, to an animal, of a composition 
including one or more dipeptidylpeptjdase inhibitors, especially inhibitors of the 
drpeptidylpepudase IV (DPIV) enzyme or other enzyme of similar specificity, which are 
able to inhibit the proteolysis of GLP-1 and accordingly increase the plasma half-life of that 
hormone. 

Preferably, the compounds utilized in the subject method will produce an EC50 for 
• the desired biological effect of at least one, two, three and even four orders of magnitude 
less than the EC50 for that compound as an immunosuppressant Indeed, a salient feature 
of such compounds as the peptidyl boronates is that the inhibitors can produce, for example 
an EC50 for inhibition of glucose tolerance in the nanomolar or less range, whereas the 
compounds have EC50's for immunosuppression in the uM or greater range. Thus a 
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favorable therapeutic index can be realized with respect to the unwanted sideeffect of 
immunosuppression. 

While not wishing to bound by any particular theory, rt is observed that compounds 
winch inhibit DPIV axe, correlatively, able to improve glucose tolerance, though not 
necessarily through mechanisms involving DPIV inhibition per se. Indeed, the results 
described in Example 6 (and Figure 5) demonstrating an effect in mice lacking a GLP-1 
receptor suggest that the subject method may not include a mechanism of action directly 
irnplicating GLM itself, though it has not been ruled out that GLP-1 may have other 
receptors.- However, in light of the correlation with DPIV inhibition, in preferred 
embodiments, the subject method utilizes an agent with a Ki for DPIV inhibition of 1 0 nm 
or less, more preferably of 0.1 nm or less, and even more preferably of 0.01 nM or less 
Indeed, inhibitors with Ki values in the picomolar and even -femtamolar range are 
contemplated. Thus, while the active agents are described herein, for convience, as "DPIV 
inhibitors'', it will be understood that such nomenclature is not intending to limit the subject 
invention to a particular mechamsim of action. 

For instance, in certain embodiments the method involves administration of a DPIV 
inhibitor, preferably at a predetermined time(s) during a 24-hour period, in an amount 
effective to improve one or more aberrant indices associated with glucose metabolism 
disorders (e.g., glucose intolerance, insulin resistance, hyperglycemia, hyperlipemia 
and Type II diabetes). 

In other embodiments, the method involves administration of a DPIV inhibitor in an 
amount effective to improve aberrant indices associated with obesity. Fat cells release the 
hormone leptin, which travels in the bloodstream to the brain and, through leptin receptors 
there, stimulates production of GLP-1. GLP-1, in turn, produces the sensation of being full. 
The leading theory is that the fat cells of most obese people probably produce enough 
leptin, but leptin may not be able to properly engage the leptin receptors in the brain, and so 
does not stimulate production of GLP-1. There is accordingly a great deal of research 
towards utilizing preparations of GLP-1 as an apepitite suppressant The subject method 
provides a means for increasing the half-life of both endogenous and ectopically added 
GLP-1 in the treatment of disorders associated with obesity. 

In a more general sense, the present invention provides methods and compositions 
for altering the pharmokmetics of a variety of different polypeptide hormones by inhibiting 
the proteolysis of one or more peptide hormones by DPIV or some other proteolytic 
activity. Post-sccretory metabolism is an important element in the overall homeostasis of 
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ZTZ ^\ aDd "* 0thCr ^ fa P-esscs may be suitable 

targets for rAarmacologtcal tntervention by the subject method 

proeluea'l^ ^ "f* Bah0danbeaMd 10 half-life of other 

proglueagon-derrved pepudes, such as glicentin (corresponding to PG 

5 _duun tPG33^), gucetmn-reiated V^^^m^^ 

ntt£tr f ° r , n^.^ " * fector *r inducing 

10 ^ ; ^ fOT — * D-cker e, aL (1996) 

10 93^7911 The subject method can be used as part of a regimen for treating ~T 

mfiarnmanon or resection of intestinal tissue, e.g.. where enhanced growth and repair offe 

intestinal mucosal epithelial is desired. 

DPIV has also been implicated in the metabolism and inactivation of growth 

IS ^rt^ ^ (GHRF) - GHRF ^-»berof the family of homologous 
peptides that mcludes grueagon. secretin, vasoactive intestinal peptide (VIP), peptide 

umi W ^pcpnde(GIP)andModermin. Kubiaketal. (1994) Peptitie^ 7:153. gZ is 
secreted by the hypothalamus, and stimulates the release of growth hormone (GH) from the 
antenor pituitary. Thus, the subject method can be used to improve clinical therapy for 
certain growth hormone deficient children, and in clinical therapy of adults to improve 
numuon and to alter body composition (muscle vs. fat). The subject method can also be 
us« in veterinary practice, for example, to develop higher yield milk production and higher 
yidd, leaner livestock. 

Likewise, the DPIV! inhibitors of the subject invention can be used to alter the 
plasma half-life of secretin, jWP. PHI, PACAP, GIP and/or helodermin. Additionally the 
subjeci t rnethod can be used to alter the pharmacokinetics of Peptide YY and neuropeptide 
Y, both members of the pancreatic polypeptide family, as DPIV has been implicated in the 
processing of those peptides in a manner which alters receptor selectivity. 

Another aspect of the present invention relates to pharmaceutical compositions of 
dipeptidylpeptidase inhibitors, particularly DPIV inhibitors, and their uses in treating and/or 
preventmg disorders which; can be improved by altering the homeostasis of peptide 
hormones. In a preferred embodiment, the inhibitors have hypoglycemic and antidiabetic 
activities, and can be usedjin the treatment of disorders marked by abbenant glucose 
metabohsm deluding storage). In particular embodiments, the compositions of the subject 
methods are useful as insulinotropic agents, or to potentiate the insulinotropic effects of 
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such molecules as GLP-1 . Inthisregari.the prescatnjcthod 

J£B^ obesrty, gW tolennce ^ ^ ^ 

In genex^. the inhlrftors of the subject method will be smaU molecules e. £ wim 

ss r*? ,ess *■ 7500 * »- *- *» -u.tr™ 

S^JX'ST " - 1000 - * —ST 

~J£S ssisnr ^rr r* 1 — 

fer * e . c ?^^ ed ' C g - S^erally by selection of the Ca substituents, 

t^ylkemne, a peptde sulfonyl fluoride, a peptidyl boronate, a peptide epoSe. a 
Ethanes, a peptidyl phosphonate, isocount SLJSL 
carbamates, isatoic anhydrides or the like. Such TTona, pJ^Z 

paed m other p^c inhibitors, and general routes for their synthesis STESte 
for example. Angelas*, et aL, J^hcn. 33:1 1-13 (1990); eTg 
Bey et aL, EPO 364,344; Grobb et al WO 88/KP« ir . Jl ^ 

etal Vf„l~-.i i , 88/10266; Higucbj et aL, EPO 393,457; Ewoldt 

112 >;"29 (1992); Vlasalc et aL. JVfc 63(5)"^6^ 
2227 ^991) ^77 47 ^ 1360 - 1 368 (1991); Odalcc et al.. Biochcn,^ 30(8 :2217-' 
£27 099,), et aL, Bioch^ny 30(8)3175-2,83 (1991); Kam t aL 

?^^ 9 f" y™'™ *** lowers et al., ^ Bi^' 
^ - * Barrett et al.. Eds., Elscv^ 

55 152 (1986); Powers et al., Biochemistry 29(12)^,08-3118 (1990); Oweida et £ 
g^f^ 58a),91 397 (.990); Hudig et aL, M^Us^ 
S ^ ^ ^ archives of Bioch^ 

230.509-516 (1985); Green et aL, i.BJoLCJiem 256:1923-1928 (1981)- Angliker et al 
tatekJ. 241:871-875 (1987); Puri et aL, Ateh. Bi^ ^ £££££ 

Spnnger-Veriag pp. 25-36 (1983); Kajiwan et a,., BipchgnJ^ 15:935-944 (,987) 

aL, 47:635-637 (1987); Tsu jin *a etT^Bi.p^S^ 
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T^™T m - fe *° ^ ^ « * ***** Bachovchin et 

In other emb«iiments, chc inhibitor is a non-peptidyl compound, e.g., which can be 
***** -* sotcamg assays as described herein. These inhibitors can be, 
merely to dluarate, synthetic organis. natural products, nucleic acids or carbohydrates. 

A representative class of compounds for use in the method of the present invention 
are represented by the general formula; 

R2 

R3 

wherein 

A represents a 4-8 membered hetcrocycle including the N and the Co carbon; 
Z represents C orN; 

W represents a functional group which reacts with an active site residue of the 
targeted protease, as for example, -CN, -CH=NR 5 , 



n n ^ ir° p 

I ' ' Y 2 , , si or 

O R sl . 

R, represents a C-tenninally linked amino acid residue or amino acid analog, or a 
C- terminally linked peptide or peptide analog, or an amino-protecting group or 



ft i 0 

Rs-C— , Rs-C— .Rs-S— , 

O 



R 2 is absent or represents one or more substitutions to the ring A, each of which can 
independently be a halogen, a lower alkyl, a lower alkenyL a lower alkynyl, a carbonyl 
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if X is N, R 3 repots hydrogen, itjx is C. R 3 represents hydrogen or a halogen, a 
or a ketone), a thKKarbony, (such * a a w a ^ ■ 

T , ™ , ^ 7 ' • (CH 2^" OH '! KCH^-O-lowcr alkyl, -{CH^-O-lower 
alkenyUKCHA-SKCH^.R^ = ^ -^»2^-Wower 

St£t« ^CH^-S-alkcnyi, -(CH^alky^ . 
(CH 2 )n-S^CH 2 )m-R 7 ,^(OXXO)NH 2 ,-C(p)C(0)OR' 7 ; 

Rs represent hydrogen, a halogen, a alkyl, a alkcnyl, a aJkynvl an arvL -(Cu ^ 

ss&st* ^ • 

R 7 represents, for each occurrence} a substituted or unsubstituted aryl, aralkyL 
cycloalkyl,cycloalkenyl,orheterocycle; i 

R'7 represents, for each oconrencJ, hydrogen, or a substituted or unsubstituted 
alkyl, alkenyl, aryl, araflcyl, cycloalkyi, cyclialkenyl. or heterocycle; and 

, , J'*** \ ^ ^^dently or together be OH, or a group capable of being 
hydrolyzed to a hydroxy! group, including cyclic derivatives where Y, and Y 2 are 
connected via a ring having front 5 to 8 atoins in the ring structure (such as pinaco! or the 

I 

RSO represents O or S; j 

R5 1 represents N 3 , SH2, NH 2 . NO2 L OR' 7 ; 

R 52 represents hydrogen, a lower alky!, an amine, OR» 7 , or a pharmaceutical^ 
acceptable salt, or R 5 , and R 52 taken together with the phosphorous atom to which they 
are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure 
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Xj represents a halogen; 

X 2 and X 3 each represent a hydrogen or a halogen 
8 rab ^ 0rffl ^» b * em 8"f^8;»dnisanintegerinthe ra ng e oflto 



byther™^^ 4 ^ 8 ^ 35 - 60 ' 7 "^^^^ 




Yj -R5 



?3 



10 ^Hngn^y.opdonauy.be^ 

In preferred embodiments, W represents or 1L . 

In preferred embodiments, Rl is 

^a 0 

15 wherein R36 fa a small hydrophobic group, e.g.. a lower alky] or a halogen and R38 b 
hydrogen, or, R36 and R37 together form a 4-7 membered heterocycle including the N and 
*. Ca caxbon. as denned for* above; and R40 represents a C-tenninally linked annuo 

Inpreferred embodiment, R3 b a hydrogen, or a small hydrophobic group such as a 
lower alkyl or a halogen. 

In preferred embodiments, R5 b a hydrogen, or a halogentated lower alkyl. 
^ fluonJ 11 PrCfaTO! Cmb0<WntS ' X1 13 3 fluori ^ »d X2 and X3, if halogens, are 
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Also deemed as equivalents are any compounds which can be hydrolyncallv 

boron^ r'T 1 T^ 6 " 3 ' ^ "** «^od utilizes, as a DPIV inhibitor, a 
^c^d^ofanaminoadd. For example, the present invention contemplates *e 

" 4e method - ^ - d ^ 

mhflntors of the present mvention are represented by the general formula: 




wherein 

R, represents a C-ternunally linked amino acid residue or amino acid analog, or a 

o s o 

terminally linked peptide or peptide analog, or R«— C— , Rj— C— S— 
15 C- « 1 

R j™^T*™*°T 3 a a a "ftynyl- "» aryl. -(CH^- 

"S^l ^-O^cenyl, KCH^-O-alkynyl, -(CH^i 
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R, represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle; 
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R 8 and each independently represent hydrogen, alkyl, alkenyL -TCH.1_ R 
C WWW. ^Mkenyl A^alkynyJ ^ K ^ 7 ^ ? ' " 

or R 8 and R* taken together with the N atom to which they are attached complete a 



heterocyclic ring having from 4 to 8 atoms 



in 



the ring structure; 



R„ a* R 12 each mdependently reprise* hydrogen, a alky], or a pharmaceutical* 
acceptable salt, or R„ and R !2 taken together with the O-B-0 atoms to which they J 
attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure; 

m u zero or an integer in the range ofjl to 8; and n is an integer in the range of 1 , 0 



In other embodiments, the subject 
proline or prolyl derivatives. Exemplary 
invention are represented by the general 



formula: 



DHV 



inhibitors include an aldehyde analogs of 
aldehyde-derived inhibitors of the present 



Rr 




wherein 



R l re F«ents a CHerminaliy linked amino acid residue 



terminally linked peptide or peptide analog, 



or 



Rs-c 



or amino acid analog, or a 
O S O 

C-, Rs— C— -.Rj— i— . 



R, represents hydrogen, a halogen, a W a aflcenyl, a alkynyl, an aryl, -(CH^- 



R 7. -(CH^^H. -{CH^^alkyl -(CH^ 
(CH^-R,, -(CH^a-SH, -{CH^-S-alkyl, 
(CH^-S-KCH^-Ry, 



R9 1 



•O-alkenyl, -(CH^-O-alkynyt, -(CH^-O- 
"< CH 2VS-alkenyl, -(CH^-S-alkynyl. - 



-o-r 7 



-(CH^-ajfcy, , -(CH^-l-aJkenyl. ^CH^JLlkynyl , OT -(CH^-^H^R, 
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R 7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycie; 

•l 

Rg and R, each independently represent hydrogen, alky!, alkenyl, -(CH^-R, - 
C(=0)-alkyl, -C(=0)-aDcenyl, -C(=0>alkyn x |, -QOMCHjVR;, 

or Rg and R, taken together with the-N atom to which they are attached complete a 
heterocyclic ring having from 4 to 8 atoms injthe ring structure; and 

m is zero or an integer in the range ofl to 8; and n is an integer in the range of 1 to 

8. 1: 



In yet further embodiments, the subject DPIV inhibitors are halo-methyl ketone 
analogs of an amino acid. Exemplary inhibitors of this class include compounds represented 
by the general formula: 




3 

wherein jj 

R, represents a C-tenninaUy linked amino acid residue or amino acid analog, or a 

?\ \\ H 

tenninally linked peptide or peptide analog, or Rf— C — , Rj— C — .Rj— S — . 

C- O 

R< represents hydrogen, a halogen, a! alky I, a alkenyl, a alkynyl, an aryl, <CE^) m - 
R?. -(CH2) m -OH, -(CH^-O-alkyl, -(CH^-O-uIkenyl, ^CH^-O-alkynyl, -(CH^-O- 
(CH^-R,, -(CH^-SH, -{CH^-S-aHcyl, -(CH^-S-aikenyl, ^CH^-S-alkynyl - 
(CH^-S^CH^-R^ 
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-(CH^J-aJkyl , -(CHJnj-alkenyl, ^CHrf JLlkynyl . « ^CH 2 ) n X<CH 2 ) lir R 7 



• R 7 represents an aryl, a cycloalkyl, a cycloaDcenyl, or a heterocycle; 

Rg_and R9 each independently represent hydrogen, alkyt, alkenyl, -(CH2) ro -R 7 , • 
5 C(=0)-alkyl, -C(=0>-alkenyl, -C(=0)-aIkynyl, -CCOMCH^-R,. 

or R g and R9 taken together with the N atom to which they are attached complete a 
heterocyclic ring having from 4 to 8 atoms in the ring structure; 

X lt X 2 and X 3 each represent a hydrogen or a halogen; and 

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to 

10 8. 



In preferred embodiments, the DPIV inhibitor is a peptide or peptidomimetic 
including a prolyl group or analog thereof in the PI specificity position, and a nonpolar 
amino acid in the P2 specificity position, e.g., a nonpolar amino acid such as alanine, 
leucine, isoleucine, valine, proline, phenylalanine, tryptophan or methionine, or an analog 
thereof For example, the DPrV inhibitor may include an Ala-Pro or Pro-Pro dipeptide 
sequence or equivalent thereof, and be represented in the general formulas: 




In preferred embodiments, the ring A is a 5, 6 or 7 membcrcd ring, eg., represented 
by the fonnula 
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In preferred embodiments, R32 is a small hydrophobic group, e.g., a lower alkyi or 
a halogen. 

to preferred embodiments, R30 represents a C-terminally linked amino acid residue 
or amino acid analog, or a C-terminally linked peptide or peptide analog, or an amino- 
protecting group. 

In preferred embodiments, R2 is absent, or represents a small hydrophobic group 
such as a lower alkyi or a halogen. 

In preferred embodiments, R3 is a hydrogen, or a small hydrophobic group such as a 
lower aBcy t or a halogen. 

Another representative class of compounds for use in the subject method include 
peptide and pcpUdomimetics of (D>Ala-(L)-Ala, e.g, preserving the diasteromeric 
orientation. Such inhibitors include compounds represented by the general formula: 



ri d y 



wherein 



W represents a functional group which reacts with an active site residue of the 
targeted protease, as for example, -CN, -CH=NR 5 , 

ft ft ' A . fr. 0 

R| represents a C-termtoally linked amino acid residue or amino acid analog, or a 
C- terminally linked peptide or peptide analog, or an amino-protecting group, or 

o s o 

n 1 II II 

C— , R«— C— ,R«— S— . 



R 3 represents hydrogen or a halogen, a lower alkyi, a lower alkenyl, a lower 
alkynyl, a carbonyl (such as a carboxyl, an ester, a formate, or a ketone), a thiocarbonyl 
(such as a thioester. a thioacetate, or a thioformate), an amino, an acylamino, an amido, a 
cyano, a nitro. an aado, a sulfite, a sulfonate, a sulfonamide, -(CH^-Ry, -(CH^-OH, - 
(CH2) m -0-Iower alkyi, -(CH^-O-lower alkenyl, -(CH^-O-fCH^-Ry, -(CH^-SH, - 
(CH2) m -S-lower alkyi, -(CH^-S-lower alkenyl; -(CH^-S^CH^-R^ 
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R 5 represents H, an allcyU an alkenyl, an alkynyl, -C(X,)(X2)X 3 , -{CH^R, . 
(CH^-OH, KOTJn-O-alkyl, KCHzJnO-alkenyU -{CH^-O-alkynyi, -(CH^n-O- 
(CH2)m-R 7 , -(CHjJn-SH, -{CH 2 )n-S^ky], -{CHJn-Smlkenyl, KCH^-S-alkynyl, - 
(CH^-SKCH^-R^ ^(OQOJNH^ -C(0)C(0)OR- 7 ; 

R« represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an ary] 
** -(CH^OH, -{CH^-Odkyl, -{CH^-O-alkenyl, -(CH^^alkynyl, -(CH^-O- 
(CH^-R,, -{CH^-SH, -(CH^-S-alkyl, -{CH^-S-alkenyl. -{CH^-S-alkynyL - 
(CH^-S^CH^-R* 

Represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl, 
cyeloalkyi, cycloalkenyl, or heterocycle; 

R* 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted 
alkyl, alkenyl, aryl, aralkyl, cyeloalkyi, cycloalkenyl, or heterocycle; 

Rgl and R^, indepedently, represent small hydrophobic groups; 

Y, and Y 2 can independently or together be OH, or a group capable of being 
hydrolyzed to a hydroxyl group, including cyclic derivatives where Y, and Y 2 are 

connected via a ring having from 5 to 8 atoms in the ring structure (such as pinacol or the 
like), 

R50 represents O or S; 

R5 1 represents N 3 , SH 2 , NH2, NO2 or OR' 7 ; 

R52 represent hydrogen, a lower alkyl, an amine, OR' 7 , or a phannaceutically 
acceptable salt, or R 51 and R 52 taken together with the phosphorous atom to which they 
are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure 

X| represents a halogen; 

X 2 and X 3 each represent a hydrogen or a halogen 
m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to 



In preferred embodiments, Rl is 




I 

wherein R36 is a small hydrophobic group, eg., a lower alkyl or a halogen and R3 8 is 
hydrogen, or, R36 and R37 together form a 4-7 membered heterocycle including the N and 
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the Ca carbon, as defined for A above; and R40 represents a C-terrainally linked amino 
acid residue or amino acid analog, or a C-tenninally linked peptide or peptide analog, or an 
ammo-protecting group 

In preferred embodiments, R3 is a hydrogen, or a small hydrophobic group such as a 
lower alley 1 or a halogen. 

In preferred embodiments, R5 is a hydrogen, or a halogentated lower alkyL 

In preferred embodiments, XI is a fluorine, and X2 and X3, if halogens, are 
fluorine. 

In preferred embodiments, and R^, independently, represent low alky is, such 
as methyl, ethyl propyl, isopropyl, lot-butyl or the He; 

Also included are such peptidomimetics as olefins, phosphonates, aza-amino acid 
analogs and the like. 

Also deemed as equivalents are any compounds which can be hydroiytically 
converted into any of the aforementioned compounds including boronic acid esters and 
1 5 halides, and carbonyl equivalents including acetals, hemiacetals, ketals, and herniketals, and 
cyclic dipeptide analogs. 

As used herein, the definition of each expression, e.g. alkyl, m, n, etc., when it 
occurs more than once in any structure, is intended to be independent of its definition 
elsewhere in the same structure. 

20 The pharmaceutical^ acceptable salts of the subject compounds include the 

conventional nontoxic salts or quaternary ammonium salts of the compounds, e.g., from 
non-toxic organic or inorganic acids. For example, such conventional nontoxic salts 
include those derived from inorganic acids such as hydrochloride, hydrobromic, sulfuric, 
sulfamic, phosphoric, nitric, and the like; and the salts prepared from organic acids such as 

25 acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic, 
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfenilic, 2- 
acetoxy benzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isothionic, and the like. 

The pharmaceutical^ acceptable salts of the present invention can be synthesized 
from the subject compound which contain a basic or acid moiety by conventional chemical 
methods. Generally, the salts are prepared by reacting the free base or acid with 
stoichiometric amounts or with an excess of the desired salt-forming inorganic or organic 
acid or base in a suitable solvent The pharmaceutical^ acceptable salts of the acids of the 



30 



WO 99/38501 



-19- 



PCT/US99/02294 



subject compounds are also readily prepared by conventional procedures such as treating an 
acid of Formula I with an appropriate amount of a base such as an alkali or alkaline earth 
methyl hydroxide (eg. sodium, potassium, lithium, calcium or magnesium) or an organic 
base such as an amine, piperidine, pyrrolidine, benzylamine and the 1iVe l or a quaternary 
5 ammonium hydroxide such as tetramcwylammonhim hydroxide and the like. 

Contemplated equivalents of the compounds described above include compounds 
which otherwise correspond thereto, and which have the same general properties thereof 
(eg. the ability to inhibit proteolysis of GLP-1 or other peptide hormone or precursor 
thereof), wherein one or more simple variations of suhstituents are made which do not 

10 adversely affect the efficacy of the compound in use in the contemplated method In 
general, the compounds of the present invention may be prepared by the methods illustrated 
in the general reaction schemes as, for example, described below, or by modifications 
thereof, using readily available starting materials, reagents and conventional synthesis 
procedures. In these reactions, it is also possible to make use of variants which are in 

15 themselves known, but are not mentioned here. 

it Definitions 

For convenience, before further description of the present invention, certain terms 
employed in the specification, examples, and appended claims are collected here. 

The term "aflcyl" refers to the radical of saturated aliphatic groups, including 
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, 
alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred 
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its 
backbone (e.g., C1-C30 for straight chain, C3-C30 for branched chain), and more 

preferably 20 or fewer. Likewise, preferred cycloalkyls have from 3-10 carbon atoms in 
their ring structure, and more preferably have 5, 6 or 7 carbons in the ring structure. 

Moreover, the term "alkyl" (or "lower alkyl") as used throughout the specification 
and claims is intended to include both "unsubstituted alky Is" and "substituted alkyls", the 
latter of which refers to alkyl moieties having suhstituents replacing a hydrogen on one or 
more carbons of the hydrocarbon backbone. Such suhstituents can include, for example, a 
halogen, a hydroxyl, a carbonyl (such as a carboxyl, an ester, a fonnyl, or a ketone), a 
thiocarbonyl (such as a thioester, a thioacetate, or a thioformatc), an alkoxyl, a phosphoryl, 
a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro, 
an azido, a sulfhydryl, an alkyhhio, a sulfate, a sulfonate, a sulfemoyl, a sulfonamido, a 
sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be 



25 



30 



WO 99/38501 



-20- 



PCT/US99/02294 



10 



15 



understood by those skilled in the an that the moieties substituted on the hydrocarbon chain 
can themselves be substituted, if appropriate. For instance, the substituents of a substituted 
alkyl may include substituted and unsnbstituted forms of amino, azido, imino, amido, 
phosphoryl (including phosphonate and phosphinale), sulfonyl Cmchiding ' sulfate,' 
sutfonamido, sulfamoyl and sulfonate), and sOyl groups, as w eU as ethers, alkyhhios 
carbonyls fmcludmg ketones, aldehydes, carboxylates, and esters), -CF 3 , -CN and the like, 
fc^nplary substituted alkyls are described below. CycloaBcyls can be further substituted 
wth alkyls, alkenyls, alkoxys, alkylthios, aminoalkyls, carbonyl-substituted alkyls, -CF 3 , - 
CN, and the like. 

The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl 
group (e.g., an aromatic or heteroaromatic group). 

The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic groups analogous in 
length and possible substitution to the alkyls described above, but that contain at least one 
double or triple bond respectively. 

Unless the number of carbons is otherwise specified, "lower alkyl" as used herein 
means an alkyl group, as defined above, but having from one to ten carbons, more 
preferably from one to six carbon atoms in its backbone structure. Likewise, "lower 
alkenyl" and "lower alkynyl" have similar chain lengths. Preferred alkyl groups are lower 
alkyls. In preferred embodiments, a substituent designated herein as alkyl is a lower alkyl. 

The tenn "aryl" as used herein includes 5-, 6- and 7-membered single-ring aromatic 
groups that may include from zero to four heteroatoms, for example, benzene, pyrrole, 
furan, thiophene, imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyraane,' 
pyridazine and pyrimidine, and the like. Those aryl groups having heteroatoms in the ring 
structure may also be referred to as "aryl heterocycles" or "heteroaromatics". The aromatic 
25 ring can be substituted at one or more ring positions with such substituents as described 
above, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl 
amino, iritro, sulffaydryl, imiho, amido. phosphonate, phosphinale, carbonyl, carboxyl, silyL 
ether, alkylthio, sulfonyl, sulfonamide, ketone, aldehyde, ester, heterocyclyl, aromatic or 
heteroaromatic moieties, -CF 3 , -CN, or the like. The term "aryl" also includes polycyclic 
30 ring systems having two or more cyclic rings in which two or more carbons are common to 
two adjoining rings (the rings are "fused rings") wherein at least one of the rings is 
aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cydoalkynyls, aryls 
and/or heterocycryls. 

The terms "hetcrocyclyl" or "heterocyclic group" refer to 3- to 10-membered ring 
35 structures, more preferably 3- to 7-membered rings, whose ring structures include one to 
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four heteroatoms. Hctcrocyclcs can also be polycyclcs. Heterocyclyl groups include, for 
example, thiophene, thianthrene, raran, pyran, isobenzoforan, chromene, xamhene, 
phenoxathiin, pyrrole, imidazole, pyrazolc, isbthiazole, isoxazole, pyridine, pyrazine, 
py nmi di n e, pyridazine, indolizine, isoindoie, indole, indazole, purine, quinolizbc, 
5 isoquinoline, quinolme, phmalazine, naphthyridine, quinoxaline, quinazoline, cinnoline, 
pteridinc, carbazole, carboline, phenanthridinc, acridine, pyrimidine, phenanthroline, 
phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, oxolanc, 
thiolane, oxazolc, piperidine, piperazine, morpholine, lactones, lactams such as azetidinones 
and pynolicfinones, sultams, suttones, and the like. The heterocyclic ring can be substituted 
10 at one or more positions with such substituents as described above, as for example, halogen. 
aBcyl, aralkyl, alkenyl, alkynyl, cycioalkyl, hydroxy 1, amino, nrtro, sulfhydryl, imino, 
amido, phosphonale, phosphinate, carbonyl, carboxyl, silyl, ether, alkyrthio, sulfonyl, 
ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -CF3, -Cty 
orthelike, 

15 The terms "porycyclyl" or "polycyclic group" refer to two or more rings (e.g., 

cycloaUcyls, cycloalkenyls, cycioalkynyls, aryls and/or heterocydyls) in which two or more 
carbons are common to two adjoining rings, eg., the rings are "fused rings". Rings that are 
joined through non-adjacent' atoms are termed ^bridged" rings. Each of the rings of the 
polycycle can be substituted with such substituents as described above, as for example, 

20 halogen, alkyl, aralkyl, alkenyl, alkynyl, cycioalkyl, hydroxy!, amino, nitro, sulfhydryl, 
imino, amido, phosphonale, phosphinate, cairbonyl, caxboxyl, silyl, ether, alkyhhio, 
sulfonyl ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, - 
CF3, -CN, or the like. 

The term "carbocycle", as used herein, refers to an aromatic or non-aromatic ring in 
25 which each atom of the ring is carbon. 

The term "hctcroatom" as used herein means an atom of any element other than 
carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorous. 
As used herein, the term "rutro" means -NO2; the term "halogen" designates -F, -CI, 

-Br or -I; the term "sulmydryl" means -SH; the) term Tiydroxyr means -OH; and the term 
30 "sulfbnyr means -SO2- 

The terms "ainine" and "amino" are art recognized and refer to both unsubstituted 
and substituted amines, e.g.,a moiety that can be represented by the general formula; 
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wherein R9, R 10 and R' 10 each independently represent a hydrogen, an alky!, an alkeoyl, 
KCH^-Rg, or R9 and R 10 taken together with the N atom to which they are attached 
complete a heterocycle having fiom 4 to 8 atoms in the ring structure; Rg represents an aryl, 
a cycloaDcyl, a cycloalkenyl. a heterocycle or a polycycle; and m is zero or an integer in the 
range of 1 to 8. In preferred embodiments, only one of R 9 or Rj 0 can be a carbonyl, eg.. 
R9, Rjojmd the nitrogen together do not form an iraide. In even more preferred 
embodiments, R 9 and R 10 (and optionally R' 10 ) each independently represent a hydrogen, 
an aDcyl, an alkenyl, or -(CH^-Rg. Thus, the term "alkylarnine" as used herein means an 

amine group, as denned above, having a substituted or unsubstituted aDcyl attached thereto 
i-e., at least one of R9 and Rio is an aDcyl group. 

The term "acylamino" is ait-recognized and refers to a moiety that can be 
represented by the general formula: 



o 

R 1 



11 

wherein R9 is as defined above, and R'i , represents a hydrogen, an alky I, an alkenyl or 
"(CH^m-Rg, where m and Rg are as defined above. 

The term "arnido" is art recognized as an ammo-substituted carbonyl and includes a 
moiety that can be represented by the general formula: 

.0 



I 

wherein Ro, R I0 are as defined above. Preferred embodiments of the amide will not include 
imides which may be unstable. 

The term "alkyhhio". refers to an alkyl group, as defined above, having a sulfur 
•radical attached thereto. In preferred embodiments, the "alkylthio" moiety is represented by 
one of -S-aDcyl, -S-alkenyL -S-aJkynyl, and -S^CH^-Rg, wherein m and Rg are defined 
above. Representative alkylthio groups include methylthio, ethyl thio, and the like. 
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The term "carbonyl" is art recognized: and includes such moieties as can be 
represented by the general formula; 

X-Rxx ' or -x-U-R' 

wherein X is a bond or represents an oxygen or alsulfur, and R\ \ represents a hydrogen, an 
5 alky I, an alkenyi, -{CH^-Rg or a phannaceutically acceptable salt, R' n represents a 
hydrogen, an alkyl, an aJkenyl or KCH^-Rg,' where m and Rg are as defined above. 
Where X is an oxygen and Rjj or R'j j is not hydrogen, the formula represents an "ester". 
Where X-is'an oxygen, and Rjj is as defined above, the moiety is referred to herein as a 
carboxyl group, and particularly when R[| is a hydrogen, the formula represents a 
10 "carboxylic acid". Where X is an oxygen, and R'jj is hydrogen, the formula represents a 

"formate 11 . In general, where the oxygen atom of the above formula is replaced by sulfur, 
the formula represents a "thiolcarbonyT group. Where X is a sulfur and R\ \ or R'j \ is not 
hydrogen, the formula represents a "thiolester." (Where X is a sulfur and Rj j is hydrogen, 
the formula represents a "thiolcarboxylic acid." Where X is a sulfur and Rj j 1 is Hydrogen, 
15 the formula represents a "thioiformate." On the other hand, where X is a bond, and R\ \ is 
not hydrogen, the above formula represents a "ketone" group. Where X is a bond, and Rj i 
is hydrogen, the above formula represents an "aldehyde" group. 

The terms "alkoxyl" or "alkoxy* as uscdiherein refers to an alkyl group, as defined 
above, having an oxygen radical attached thereto. Representative alkoxyl groups include 
20 methoxy, ethoxy, propyloxy, ten-butoxy and the like. An "ether" is two hydrocarbons 
covalently linked by an oxygen. Accordingly, the substituent of an alkyl that renders that 
alkyl an ether is or resembles an alkoxyl, such as' can be represented by one of -O-alkyI, -O- 
alkenyl, -O-alkynyl, -O^CH^-Rg, where m arid Rg are described above. 

The term "sulfonate" is art recognized and includes a moiety that can be represented 
25 by the general formula: : 

8 i 
-f-r. 

in which R41 is an electron pair, hydrogen, alkyi, cycloalkyl, or aryl. 

The term "sulfate" is art recognized and includes a moiety thai can be represented by 
the general formula: 



i 
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O 
II 

— 0~S-QR 41 
O 



in which R4 j is as defined above. 



The term "sulfonamide" is art recognized and includes a moiety that can be 
represented by the general formula: 

s 

in which R9 and R' j j are as defined above. 

The term "sulfamoyr is art-recognize'd and includes a moiety that can be 
represented by the general formula: 



0 



8 / 

1 0 in which R9 and R]q are as defined above. 

The terms "suifoxido" or u sulfinyF\ as used herein, refers to a moiety that can be 
represented by the general formula: 

1? _ 

in which R44 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
1 5 cycloalkyl, heterocyclyl, aralkyl, or aryl. 

A "phosphoryl" can in general be represented by the formula: 

Qi 
II 

T 

wherein Qj represented S or 0, and R45 represents hydrogen, a lower alkyl or an aryl. 

When used to substitute, e.g;, an alkyl, the phosphoryl group of the phosphorylalkyl can be 
20 represented by the general formula: 
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II II 

-°n-°-, or Qr f 0R ** 

OR 4C OR< 6 

wherein Qi represented S or O, and each independently represents hydrogen, a lower 
alkyl or an aiyl, Q2 represents O, S or N. When Qi is an S, the pbosphoryl moiety is a 
"phosphorothioate". 

5 A "phosphoranidite" can be represented in the general formula: 

0 o 

1 , or 2 ] 
N(R,)R l0 N(R3)R 10 

wherein R9 and K\q are as defined above, and Q2 represents O, S orN. 
A "phosphonamidite" can be represented in the general formula: 

— o r po— 9 oi _ Qr ^— 0R 4 , 

NIR^R^ N(R,)R 10 

10 wherein R9 and Rjo aw as defined above, Q2 represents O, S or N, and R4g represents a 
lower alkyl or an aryl, Q2 r epr ese nt s O, S orN. : 

A "selenoalkyr refers to an alkyl group having a substituted seleno group attached 
thereto. Exemplary "selenoethers" which may be substituted on the alkyl are selected from 
one of -Se-alkyl, -Se-alkenyl, -Sc-alkynyl, and 1 -Se-(CH2) m - R 7> m and R7 being defined 

15 above. 

Analogous substitutions can be made tojalkenyl and alkynyl groups to produce, for 
example, aminoaikenyls, arninoalkynyls, amldoalkenyls, amidoalkynyls, iminoalkenyls, 
iminoalkynyis, thioalkenyls, thioalkynyls, carbohyl-substitutcd alkenyls or alkynyls. 

It will be understood that "substitutionji or "substituted with" includes the implicit 
20 proviso that such substitution is in accordance with permitted valence of the substituted 
atom and the substituent, and that the substitution results in a stable compound, e.g., which 
does not spontaneously undergo transformation such as by rearrangement, cyclization, 

elimination, etc. j 

I 

As used herein, the term "substituted"; is contemplated to include all permissible 
25 substituents of organic compounds. In a broad! aspect, the permissible substituents include 
acyclic and cyclic, branched and unbranchedj -carbocyclic and heterocyclic, aromatic and 

r 
I 

j; 

i 
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nonaromafic substituents of organic compounds. Illustrative substituents include, for 
example, those described hereinabove. The permissible substitucnts can be one or more and 
the same or different for appropriate organic compounds. For purposes of this invention, the 
hcteroatoins such as nitrogen may have hydrogen substituents and/or any permissible 
5 substituents of organic compounds described herein which satisfy the valencies of the 
hetcroatoms. This invention is not in tended to tie limited in any manner by the permissible 
substituents of organic compounds. 

A "smalT substituent is one of 10 atomslor less. 

Bythe terms "amino acid residue" and ^peptide residue" is meant an amino acid or 
10 peptide molecule without the -OH of its carboxyl group. In general the abbreviations used 
herein for designating the amino acids arid the protective groups are based on 
recommendations of the IUPAC-IUB Commission on Biochemical Nomenclature (see 
Biochemistry (1972) 11:1726-1732). For instance Met, lie, Leu, Ala and Gly represent 
"residues w of methionine, isoleucine, leucine, alanin e and glycine, respectively. By the 
15 residue is meant a radical derived from the corresponding a-amino acid by elim inatin g the 
OH portion of the carboxyl group and the H| portion of the a-amino group. The term 
"amino acid side chain" is that part of an amino acid exclusive of the - CH(NH2)COOH 
portion, as defined by K. D. Kopple, "Peptide* and Amino Acids", W. A. Benjamin Inc., 
New York and Amsterdam, 1966, pages 2 anid 33; examples of such side chains of the 
20 common amino acids are -CH 2 CH 2 SCH 3 (die side chain of methionine), -CH 2 (CH 3 > 
CH 2 CH 3 (the side chain of isoleucine), -CHjCb^O^ fae side chain of leucine) or H- 

(the side chain of glycine). ' 

i 

For the most part, the amino acids used in the application of this invention are those 
naturally occurring amino acids found in proteins, or the naturally occurring anabolic or 

25 calabolic products of such amino acids which contain amino and carboxyl groups. 
Particularly suitable amino acid side chains include side chains selected from those of the 
following amino acids: glycine, alanine, valine, cysteine, leucine, isoleucine, serine, 
threonine, methionine, glutamic acid, asparric acid, glutamine, asparagine, lysine, arginine, 
proline, histidine, phenylalanine, tyrosine, and tryptophan, and those amino acids and 

30 amino acid analogs which have been identifiek as constituents of peptidylglycan bacterial 
cell walls. | 

.1 

The term amino acid residue further includes analogs, derivatives and congeners of 
any specific amino acid referred to herein, as well as C -terminal or N-tenninal protected 



amino acid derivatives (c.g. modified with an 



N-tenninal or C-tenninal protecting group). 



35 For example, the present invention contemplates the use of amino acid analogs wherein a 
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side chain is lengthened or shortened while still providing a carboxyi, amino or other 
reactive precursor functional group for cyclization, as well as amino acid analogs having 
variant side chains with appropriate functional groups). For instance, the subject compound 
can include an amino acid analog such as, for eiample. cyanoalanine, eanavanine, djenkolic 
acid, norleucine, 3-phosphoserine, homoserine, dmydroxy-phenylalanine, 5- 
hydroxytryptophan, l-nie%ilustidine, 3-meth^Ihistidine, diainmopiineUc arid, ornithine, 
or dianiinobufyric acid. Other naturally occurring amino acid metabolites or precursors 
having side chains which are suitable herein Will be recognized by those skilled in the art 
and are included in the scopejof the present invention. 

Also included are thie (d) and (l) stereoisomers of such amino acids when the 
structure of the amino acid admits of stereoisomeric forms. The configuration of the amino 
acids and amino acid residues herein are designated by the appropriate symbols (D), (l) or 
(DL), furthermore when the configuration is not designated the amino acid or residue can 
have the configuration (d), (l) or (dl). It wflj be noted that the structure of some of the 
15 compounds of this invention includes asymmetric carbon atoms. It is to be understood 
accordingly that the isomers! arising from such] asymmetry are included within the scope of 
this invention. Such isomers can be obtained in substantially pure form by classical 
separation techniques and by stoically compiled synthesis. For the purposes of this 
application, unless expressly noted to the contrary, a named amino acid shall be construed 
20 to include both the (o) or (L)' stereoisomers. 

The phrase "protecting group" as usedl herein means substituents which protect the 
reactive functional group frdm undesirable cheWcal reactions. Examples of such protecting 
groups include esters of carboxylic acids andjboronic acids, ethers of alcohols and acetals 
and ketals of aldehydes arid ketones. For [instance, the phrase ^-terminal protecting 

25 group" or ^nnino-rtfotectirjg group 0 as used herein refers to various ammo-protecting 
groups which can be employed to protect the N-terminus of an amino acid or peptide 
against undesirable reactions during synthetic procedures. Examples of suitable groups 
include acyl protecting groups such as, to illustrate, formyl, dansyi, acetyl, benzoyl, 
trifluoroacetyi, succinyl ami methoxysuccinyl; aromatic urcthane protecting groups as, for 

30 example, benzyloxycarbonyl (Cbz); and aliphatic methane protecting groups such as t- 
butoxycarbonyl (Boc) or 9-nuorenylmetiwxycarbonyl (FMOC). 
j | 

As noted above, certain compounds of the present invention may exist in particular 
geometric or stereoisomeric forms. The j present invention contemplates all such 
compounds, including cis-j and trans-isomers, R- and S-enantiorners, diastereomers, (D> 
35 isomers, (L>isomers, the racemic rnixtuxes thereof, and other mixtures thereof, as falling 
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witbin the scope of the invention. Additional asymmetric carbon atoms may be present in a 
substmient such as an alkyl group. All such isomers, as well as mixtures thereof, are 
intended to be included in this invention. 

It for instance, a particular enantiomer of a compound of the present invention is 
5 desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral 
auxiliary, where the resulting diastereomcric mixture is separated and the auxiliary group 
cleaved to provide the pure desired enantiomers: Alternatively, where the molecule contains, 
a basic functional group, such as amino, or an acidic functional group, such as carboxyl, 
diastereomeric salts arc formed with an appropriate optically-active add or base, followed 
10 by resolution of the diastereomers thus formed by fractional crystallization or 
chromatographic means well known in the art, and subsequent recovery of the pure 
enantiomers. 

For purposes of this invention, the chemical elements are identified in accordance 
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and 
15 Physics, 67th Ed., 1986-87, inside cover. Also for purposes of this invention, the term 
"hydrocarbon" is contemplated to include all ^permissible compounds having at least one 
hydrogen and one carbon atom. In a broad aspect, the permissible hydrocarbons include 
acyclic and cyclic, branched and imbranched,! carbocyclic and heterocyclic, aromatic and 
nonaromatic organic compounds which can be "substituted or unsubstitutcd. 

20 A compound is said to have an "msulinotropic activity" if it is able to stimulate, or 

cause the stimulation of, the synthesis or expression of the hormone insulin. 



ill Exemplary Formulations 

25 

A. Agonism of GLP-I effects 

The inhibitors useful in the subject methods possess, in certain embodiments, the 
ability to lower blood glucose levels, to relieve obesity, to alleviate impaired glucose 
tolerance, to inhibit hepatic glucose ncogenesis, and to lower blood lipid levels and to 
30 * inhibit aldose reductase. They are thus useful for the prevention and/or therapy of 
hyperglycemia, obesity, hyperlipidemia, diabetic complications (including retinopathy, 
nephropathy, neuropathy, cataracts, coronary artery disease and arteriosclerosis) and 
furthermore for obesity-related hypertension and osteoporosis. 
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Diabetes raellitus is a disease characterized by hyperglycemia occurring from a 

relative or absolute decrease in insulin secretion, decreased insulin sensitivity or insulin 

resistance. The morbidity and mortality of this disease result from vascular, renal, and 

neurological complications. An oral glucose tolerance test is a clinical test used to diagnose 

5 diabetes. In an oral glucose tolerance test, a patient's physiological response to a glucose 

load or challenge is evaluated After ingesting the glucose, the patient's physiological 

response to the glucose challenge is evaluated. Generally, this is accomplished by 

determining the patients blood glucose levels (the concentration of glucose in the patient's 

plasma, serum or whole blood) for several predetermined points in time. 
— - " | 
10 As described in the appended examples, we demonstrate that, in vivo, high affinity 

inhibitors of DPIV are biologically active with 'respect to regulation of glucose metabolism. 

For example, a single injection of the inhibitor Pro-boro-Pro (see examples for structure) 

was alone sufficient to improve glucose control. A single injection of Pro-boro-Pro was 

also observed to potentiate the response to a subtherapeutic dose of GLP-1 . We have also 

15 observed that chronic Q>5 days) treatment with Pro-boro-Pro alone lowers both fasting 

blood sugars, and the glycemic excursion to oral glucose challenge. 

As indicated above, the inhibitors useful in the subject method can be peptide- or 
peptidomimetic-derived inhibitors of the target proteolytic activity, or can be a non-peptide 
compound identified, eg., by drug screening: assays described herein. With respect to 

20 DPIV inhibitors, a salient feature of the sutjject method is the unexpected finding that 
certain DPIV inhibitors have antidiabetic activity at concentrations significantly lower than 
the EC50 of the compound as an immunosuppressant Thus, an animal can be dosed under 
a regimen designed to provide a blood serum concentration of inhibitor at or about the 
EC50 for antidiabetic effects, and still I be sufficiently below the EC50 for 

25 immunosuppressive activity so as to avoid! complications resulting from that activity. 
Indeed, for certain of the subject inhibitors, it is anticipated that dosing can be at least an 
order of magnitude or more greater than the antidiabetic EC50, yet still remain sufficiently 

below a dose producing any significant immunosuppression, 

I 

As discussed further below, a variety cif assays are available in the art for identifying 
30 potential inhibitors of DPIV and the like, !as well as assessing the various biological 
activities (including side-effects and toxicity) [of such an inhibitor. 

! 
I 

I 

B. Agonism of other peptide hormones 
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In another embodiment, the subject agents can be used to agonize (eg-, mimic or 
potentiate) the activity of otfcj x polypeptide hormones. 

To illustrate, the pre ent invention provides a method for agonizing the action of 
GLP-2. It has been detenniied that GLP-2 acts as a trophic agent, to promote growth of 
S gastrointestinal tissue. The effect of GLP-2 is marked particularly by increased growth of 
the small bowel, and is therefore herein referred to as an "intestino trophic" effect. 

In still other cmbidii lents, the subject method can be used to increase the half-life of 
other proglucagan-derivcd peptides, such as glicentin, oxyntomodulin, glicentuvrelated 
pancreatic polypeptide (GRF P), and/or intervening peptide-2 (IP-2). For example, glicentin 
10 has been demonstrated to :ause proliferation of intestinal mucosa and also inhibits a 
peristalsis of the stomach, al id has thus been elucidated as useful as a therapeutic agent for 



digestive tract diseases, thus 
Thus, in one aspect, 



leading to the present invention. 

the present invention relates to therapeutic and related uses of 
DPIV inhibitors for promoting the growth and proliferation of gastrointestinal tissue, most 
particularly small bowel tijwe. For instance, the subject method can be used as part of a 
regimen for treating injury, inflammation or resection of intestinal tissue, e.g., where 
*»nhflTrH growth and repaii of the intestinal mucosal epithelial is desired. 

With respect to smdl bowel tissue, such growth is measured conveniently as a 
increase in small bowel n ass and length, relative to an untreated control. The effect of 
subject inhibitors on small bowel also manifests as an increase in the height of the crypt 
plus villus axis. Such acti ity is referred to herein as an M mtestinotrophic" activity. The 
efficacy of the subject method may also be detectable as an increase in crypt cell 
proliferation and/or a decrease in small bowel epithelium apoptosis. These cellular effects 
may be noted most signific. mtly in relation to the jejunum, including the distal jejunum and 
particularly the proximal jejunum, and also in the distal ileum. A compound is considered 
to have "intestinotrophic e| feet" if a test animal exhibits significantly increased small bowel 
weight, increased height of the crypt plus villus axis, or increased crypt cell proliferation or 
decreased small bowel . 1 pitheliurn apoptosis when treated with the compound (or 
genetically engineered to | acpress it themselves). A model suitable for determining such 
gastrointestinal growth is d ascribed by US Patent 5,834,428. 

In general, patients who would benefit from either increased small intestinal mass 
I bowel mucosal function are candidates for treatment by the 
conditions that may be treated include the various forms of sprue 



and consequent increased 
subject method Particular 



including celiac sprue which results from a toxic reaction to a-gliadin from wheat, and is 



35 marked by a tremendous 



loss of villae of the bowel; tropical sprue which results from 
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infection and is marked by partial flattening of the villa e; hypogammaglobulinemic sprue 
which is observed commonly in patients with common variable immunodeficiency or 
hypogammaglobulinemia and is marked by significant decrease in villus height The 
therapeutic efficacy of the treatment may be monitored by enteric biopsy to examine the 

5 villus morphology, by biochemical assessment of nutrient absorption, by patient weight 
gain, or by amelioration of the symptoms associated with these conditions. Other conditions 
that may be treated by the subject method, or for which the subject method may be useful 
prophylattically, include radiation enteritis, infectious or post-infectious enteritis, regional 
enteritis (Crohn's disease), small intestinal damage due to toxic or other chemolhcrapeutic 

1 0 agents, and patients with short bowel syndrome. 

More generally, the present invention provides a therapeutic method for treating 
digestive tract d isea ses. The term "digestive tract" as used herein means a tube through 
winch food passes, including stomach and intestine. The term "digestive tracx diseases" as 
used herein means diseases accompanied by a qualitative or quantitative abnormality in the 

15 digestive tract mucosa, which include, e. g., ulceric or inflammatory disease; congenital or 
acquired digestion and absorption disorder including malabsorption syndrome; disease 
caused by loss of a mucosal barrier function of the gut; and protein-losing 
gastroenteropathy. The ulceric disease includes, eg., gastric ulcer, duodenal ulcer, small 
intestinal ulcer, colonic ulcer and rectal ulcer. The inflammatory disease include, e.g., 

20 esophagitis, gastritis, duodenitis, enteritis, colitis, Crohn's disease, proctitis, gastrointestinal 
Behcet, radiation enteritis, radiation colitis, radiation proctitis, enteritis and medicamentosa. 
The malabsorption syndrome includes the essential malabsorption syndrome such as 
disaccharide-decomposing enzyme deficiency, glucose-galactose malabsorption, fiactose 
malabsorption; secondary malabsorption syndrome, e.g., the disorder caused by a mucosal 

25 atrophy in the digestive tract through the intravenous or parenteral nutrition or elemental 
diet, the disease caused by the resection and shunt of the small intestine such as short gut 
syndrome, cul-de-sac syndrome; and indigestible malabsorption syndrome such as the 
disease caused by resection of the stomach, e.g., dumping syndrome. 

The term "therapeutic agent for digestive tract diseases" as used herein means the 
30 agents for the prevention and treatment of die digestive tract diseases, which include, e.g., 
the therapeutic agent for digestive tract ulcer, the therapeutic agent for inflammatory 
. digestive tract disease, the therapeutic agent for mucosal atrophy in the digestive tract and 
die therapeutic agent for digestive tract wound, the amelioration agent for the function of 
die digestive tract including the agent for recovery of the mucosal barrier function and the 
35 amelioration agent for digestive and absorptive ftnetion. The ulcers include digestive ulcers 
and erosions, acute ulcers, namely, acute mucosal lesions. 
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The subject method, because of promoting proliferation of intestinal mucosa, can be 
used in the treatment and prevention of pathologic conditions of insufficiency in digestion 
and absorption, that is, treatment and prevention of mucosal atrophy, or treatment of 
hypoplasia of the digestive tract tissues and decrease in these tissues by surgical removal as 
5 well as improvement of digestion and absorption. Further, the subject method can be used 
in the treatment of pathologic mucosal conditions due to inflammatory diseases such as 
enteritis, Crohn's disease and ulceric colitis and also in the treatment of reduction in 
function of the digestive tract after operation, for example, in damping syndrome as well as 
in the treatment of duodenal ulcer in conjunction with the inhibition of peristalsis of the 

10 stomach' and rapid migration of food from the stomach to the jejunum. Furthermore, 
glicentin can effectively be used in promoting cure of surgical invasion as well as in 
improving functions of the digestive tract Thus, the present invention also provides a 
therapeutic agent for atrophy of the digestive tract mucosa, a therapeutic agent for wounds 
in the digestive tract and a drug for improving functions of the digestive tract which 

1 5 comprise glicentin as active ingredients. 

Likewise,, the DPIV inhibitors of the subject invention can be used to alter the 
plasma half-life of secretin, VIP, PHI, PACAP, GIP and/or heiodennin. Additionally, the 
subject method can be used to alter the pharmacokinetics of Peptide YY and neuropeptide 
Y, both members of the pancreatic polypeptide family, as DPIV has been implicated in the 
20 processing of those peptides in a manner which alters receptor selectivity. 

Neuropeptide Y (NPY) is believed to act in the regulation vascular smooth muscle 
tone, as well as regulation of blood pressure. NPY also decreases cardiac contractility. 
NPY is also the most powerful appetite stimulant known (Wilding ct aL, (1992) J 
Endocrinology 132299-302). The centrally evoked food intake (appetite stimulation) effect 
25 is predominantly mediated by NPY Yl receptors and causes increase in body fat stores and 
obesity (Stanley ct aL, (1989) Physiology and Behavinr 46: 173-1 77). 

According to the present invention, a method for treatment of anorexia comprises 
administering to a host subject an effective amount of a DPIV inhibitor to stimulate the 
appetite and increase body fat stores which thereby substantially relieves the symptoms of 
30 anorexia. 

A method for treatment of hypotension comprises administering to a host subject an 
* effective amount of a DPIV inhibitor of the present invention to mediate vasoconstriction 
and increase blood pressure which thereby substantially relieves the symptoms of 
hypotension. 



WO 99/38501 



-33- 



PCT/US99/02294 



DPIV has also been implicated in the metabolism and inactivatiou of growth 
hormone-releasing factor (GHRF). GHRF is a member of the family of homologous 
peptides that includes glucagon, secretin, vasoactive intestinal peptide (VP), peptide 
histidine isoleucine (PHI), pituitary adenylate cyclase activating peptide (PACAP), gastric 

5 inhibitory peptide (GIP) and helodcnnin. Kubiak ct aL (1994) Peptide Res 7:153. GHRF is 
secreted by die hypothalamus, and stimulates die release of growth hormone (GH) from the 
anterior pituitary. Thus, the subject method can be used to improve clinical therapy for 
certain growth hormone deficient children, and in clinical therapy of adults to improve 
nutrition and to alter body composition (muscle vs. fat). The subject method can also be 

10 used in veterinary practice, for example, to develop higher yield milk production and higher 
yield, leaner livestock. 



C Examples of peptidyl DPIV inhibitors 

In the case of DPIV inhibitors, a preferred class of inhibitors are peptidyl 
1 5 compounds based on die dipep tides Pro-Pro or Ala-Pro. Another preferred class of peptidyl 
inhibitors are compounds based on the dipeptide (D>Ala-(L)-Ala. In many embodiments, 
it will be desirable to provide the peptidyl moiety as a peptidomimetic, e.g., to increase 
bioavailability and/or increase the serum half-life relative to the equivalent peptide. For 
instance, a variety of peptide backbone analogs are available in the art and be readily 
20 adpated for use in the subject methods. 

In an exemplary embodiment, the peptidomimetic can be derived as a retro-inverso 
analog of the peptide. To illustrate, certain of the subject peptides can be generated as the 
retro-inverso analog (shown in its unprotected state): 




R 1 O O OH 



25 Such rctro-inverso analogs can be made according to the methods known in the art, 

such as that described by the ffisto et aL U.S. Patent 4,522,752. For example, the illustrated 
retro-inverso analog can be generated as follows. The geminal diamine corresponding to 
* the N-tenninal amino acid analogs is synthesized by treating an N-Boc -protected amino 
acid (having the sidechaurR) with ammonia under HOBT-DCC coupling conditions to 

30 yield amide, and then effecting a Hofinann-type rearrangement with IJ-bis- 
(trifluoroacetoxy)iodobeazene (TIB), as described in Radhakrishna et aL (1979) J. Org. 
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Chem. 44:1746. The product amine salt is then coupled to a side-chain protected (e g as 
the benzyl ester) N-Fmoc D-enatiomer of the second amino arid residue (e.g., having a 
sidechaia R') under standard conditions to yield the pseudodipepude. The Fmoc 
(fluorenyunethoxycarbonyO group is removed with piperidine in dimethylfonnamide and 
the resulting amine is trimethylsilylated with bistrimethylsilylacetamide (BSA) before 
condensation with suitably alkylated, ride-chain protected derivative of Me] drum's acid, as 
described in VS. Patent 5,061,811 to Pinori et al., to yield the retw-inverso tripeptide 
analog The pseudotnpeptide is then coupled with (protected) boro-prcline under standard 
conditions to give the protected tetrapeptide analog. The protecting groups are removed to 
release the final product, which is purified by HPLC 

In another illustrative embodiment, the peptidomimetic can be derived as a retro- 
enantio analog of die peptide. 



COOR 



Retrtwmantio analogs such as this can be synthesized using D-enatiomeis of commercially 
available D-amiiio acids or other amino acid analogs and standard solid- or solution-phase 
peptide-syn thesis techniques. 

In still another illustrative embodiment. trans-olefin derivatives can be made with 
the subject boronoplienylalanine analogs. For example, an exemplary olefin analog is: 





20 The trans olefin analog can be synthesized according to the method of Y.K. Shue et al 
(1987) Tetrahedron Utters 28:3225. 

Still another class of peptidontimetic boronophenylalanine derivatives include the 
phosphonate derivatives, such as: 
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The synthesis of such phospbonate derivatives can be adapted from known synthesis 
schemes. See, for example. Loots et aL in Peptides: Chemistry and Biology, (Escom 
Science Publishers, Leiden, 1988. p. 118); Petrfflo et al. in Peptides: Structure and 
Function (Proceedings of the 9th American Peptide Symposium. Pierce Chemical Co 
Rockland, IL, 1985). 
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D. Non-peptidyl DPIV inhibitors 

The pharmaceutical industry has developed a variety of different strategies for 
assessing millions of compounds a year as potential lead compounds based on inhibitory 
activity against an enzyme. DPIV and other proteolytic enzymes targeted by the subject 
method are amenable to the types of high throughput screening required to sample large 
arrays of compounds and natural extracts for suitable inhibitors. 

As an illustrative embodiment, the ability of a test agent to inhibit DPIV can be 
assessed using a colorimelric or fluorometric substrate, such as Ak-Pro-panmhroanilide 
See US Patent 5,462,928. Moreover, DPIV can be purified, and is accordingly readily 
amenable for use in such high throughput formats as multi-well plates. 

Briefly, DPIV is purified fiom pig kidney cortex (Barth et aL (1974) Acta Biol Med 
Gens 32:157; Wolf et aL (1972) Acta Bio Me* (Wn 3 7:409) or human placenta (Puschel 
« aL (1982) Eur J Biocbcm 126:359). An illustrative reaction mixture includes 50pM 
sodium Hepes (pH7.8), lOpM Ala-Pro-paramtroanilide, 6 mflliunits of DPIV, and 2% (v/v) 
dmaemylformamide in a total volume of 1.0 mL. The reaction is initiated by addition of 
enzyme, and formation of reaction product (pamnitroanilide) in the presence and absence of 
a test compound can be detected photometrically, eg., at 410nm. 

Exemplary compounds which can be screened for activity against DPIV (or other 
relevant enzymes) include peptides, nucleic acids, carbohydrates, small organic molecules, 
and natural product extract libraries, such as isolated from animals, plants, fungus and/or 
microbes. 



£ Assays of btsulinotropic Activity 

In selecting a compound suitable for use in the subject method, it is noted that the 
insulinotropic property of a compound may be determined by providing that compound to 
animal cells, or injecting that compound into animals and monitoring the release of 
unmunoreactive insulin (KI) into the media or circulatory system of the animal 
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respectively. The presence of OU can be detected through the use of a radioimmunoassay 
which can specifically detect insulin. 

The db/db mouse is a genetically obese and diabetic strain of mouse. The dh/db 
mouse develops hyperglycemia and hyperlipemia concomitant with its development of 
obesity and thus serves as a model of obese type 2 diabetes (NIDDM). The db/db mice can 
purchased from, for exampfe, The Jackson Laboratories (Bar Harbor, Me.), in an 
exemplary embodiment, for treatment of the mice with a regimen including a DPIV 
inhibitor or control, suborbital sinus blood samples are taken before and at some time (e g 
60 minutes) after dosing of each animal. Blood glucose measurements can be made by any 
of several conventional techniques, such as using a glucose meter. The blood glucose levels 
of the control and DPIV inhibitor dosed animals are compared 

The metabolic fete of exogenous GUM can also be followed in either nondiabetic 
and type n diabetic subjects, and the effect of a candidate DPIV inhibitor determined. For 
mstance, a combination of high-pressure liquid chromatography fHPLQ, specific 
radioimmunoassays (RJAs), and a enzyme-linked immunosorbent assay (ELBA) can be 
used, whereby intact biologically active GUM and its metabolites can be detected See for 
example, Deacon et aL (1995) Diabetes 44:1126-H31 r To illustrate, after GUM 
adrnmistration, the intact peptide can be measured using an NH2-terminafly directed RIA or 
EUSA, while the difference in concentration between these assays and a COOH-tenninal- 
specific RIA allowed determination of Nffi-tenninally truncated metabolites. Without 
inhibitor, subcutaneous GUM is rapidly degraded in a time-dependent manner, forming a 
metabolite which co-elutes on HPLC with GLP-I(9-36) amide and has the same 
unmunoreactive profile. For instance, thirty minutes after subcutaneous GUM 
adrnmistration to diabetic patients (n = 8), the metabolite accounted for 88.5 + 1.9% of the 
increase in plasma unmunoreactivity determined by the COOH-terminal RIA, which was 
higher than the levels measured in healthy subjects (78.4 + 32%; n = 8; P < 0.05). See 
Deacon et al., stroTa, Intravenously infused GLP-I was also extensively degraded. 



I 



F. Pharmaceutical Formulations 

The inhibitors can be adrninistered in various forms, depending on the disorder to be 
treated and the age. condition and body weight of the patient, as is wen known in the art 
For example, where the compounds are to be administered orally, they may be formulated 
as tablets, capsules, granules, powders or syrups; or for parenteral administration, they may 
be formulated as injections (intravenous, intramuscular or subcutaneous), drop infusion 
preparations or suppositories. For application by the ophthalmic mucous membrane route. 
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they may be formulated as eyedrops or eye ointments. These formolarions can be prepared 
by conventional means, and, if desired, the active ingredient may be mixed with any 
conventional additive, such as an excipiem. a binder, a disintegrating agent, a lubricant, a 
comgent, a solnbilizing agent, a suspension aid. an emulsifying agent or a coating agent 
Although the dosage will vary depending on the symptoms, age and body weight of the 
patient, the nature and severity of the disorder to be treated or prevented, the route of 
aAninistration and the form of the drug, in general, a daily dosage of from 0.01 to 2000 mg 
of the compound is recommended for an adult human patient, and this may be administered 
in a single dose or in divided doses. 

Glucose metabolism can be altered, and symptoms associated whh type II diabetes 
can be decreased or eliminated, in accordance with a "timed- adntinistration of DPIV 
inhibitors wherein one or more appropriate indices for glucose metabolism and/or type O 
diabetes can be used to assess effectiveness of the treatment (dosage and/or timing)- e g 
glucose tolerance, glucose level, insulin level, insulin sensitivity, glycosylated hemoglobin. 

An effective time for administering DPIV inhibitors needs to be identified. This can 
be accomplished by routine experiment as described below, using one or more groups of 
animals (preferably at least 5 animals per group). 

In animals, insulinotropic activity by DPIV inhibitor treatment can be assessed by 
administering the inhibitor at a particular time of day and measuring the effect of the 
administration (if any) by measuring one or more indices associated with glucose 
metabolism, and comparing the post-treatment values of these indices to the values of the 
same indices prior to treatment. 

The precise time of administration and/or amount of DPIV inhibitor that will yield 
the most effective results in terms of efficacy of treatment in a given patient will depend 
upon the activity, pharmacokinetics, and bioavailability of a particular compound, 
physiological condition of the patient (including age. sex. disease type and stage, general 
physical condition, responsiveness to a given dosage and type of medication), route of 
administration, etc. However, the above guidelines can be used as the basis for fine-tuning 
the treatment, e.g, determining the optimum time and/or amount of administration, which 
will require no more than routine experimentation consisting of monitoring the subject and 
adjusting the dosage and/or timing. 

While the subject is being treated, glucose metabolism is monitored by measuring 
one or more of the relevant indices at predetermined times during a 24-hour period. 
Treatment (amounts, times of administration and type of medication) may be adjusted 
35 (optumzed) according to the results of such monitoring. The patient is periodically 
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r^uatcd to detennine extent of improvement by measuring the same parameters, the first 
m* typical* occurring at me end of four weeks from the onset !rW 
and ^sequent reevaiuatrons occurring every 4 to 8 weeks during tr^ and men everfs 

being a typical length of therapy for humans. 

Advents to the amounts) of drug(s) adrninistered and possibly to the time of 
Ration may be made based on these reevaluates. For example, if after 4 weeks I f 
u^atmem one of the metabolic indices has not unproved but at least one other one has, the 
cose could be increased by 1/3 without changing the time of adrninistratioa 

Treatment can be initiated with smaller dosages which are less than the optimum 
dose of the compound. Thereafter, the dosage should be increased by small increments until 
*e optimum effect under the circumstances is reached. For convenience, the total H 
dosage may be divided and administered in portions during the day if dJeT " 
e o ^^ "^-ticaljy-cffcctivc amount" as used herein means that amount of, 
e^g a DPIV mhibitonTs), which is effective for producing some desired therapeutic effect 
by mhibmng^ for example, the proteolysis of a peptide hormone at a reasonable benefit/risk 
ratio applicable m any medical treatment. 

The phrase "pharmaceutically acceptable- is employed herein to refer to those DPIV 
u^tor^rnaterials, compositions, and/or dosage forms which are, within the scope of 
sound medical judgment, suitable for use in contact with the tissues of human beings and 

ZTJ CXCeSSiVC t ° XiCity ' -Ponse. or other problem or 

complication, commensurate with a reasonable benefit/risk ratio. 

The phrase "phannaceutically-acceptable carrier" as used herein means a 
^^caJly-acceptable material, composition or vehicle, such as a liquid or solid 

Zl n I "T* " bvo, - d * carrying or 

transport,,* the subject chemical from one organ, or portion of the body, to anoZorgan, 
or por.cn o the body. Each camer must be "acceptable" in the sense of being compare 
wtth the other mgredients of the formulation and not injurious to the patienTsome 
examples of materials which can serve as pharmaceuticaUy-acceptab.e carriers include- (,) 
sugars, such as lactose, glucose and sucrose; (2) starches, such as com starch and potato 

ctml ? t ? ^ * daiVadVCS ' "* " SOdiUm Carb °^ 1 ""ulose, ethyl 
ceUulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) 

^ttonseed ou, safilower oiL sesame oil. otive oil, com oil and soybean oil; (10) glycol* 
such as propylene glycol; (,,) polyols, such as glycerin, sorbitol mannitol a^ 
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Pjy^lene glycol; (12) esters, such as ethyl oleate and ethyl borate; (13) agar (14) 
buflenng agen* such as magnesium hydroxide and alunnnurn hydroxide; (15) alginic acid, 
(16) pytogen-free water (17) isotonic saline; (18) Ringe* solution; (19) ethyl alcohol- (20) 
P^e buffer solutions; and (21) other non-toxic compile suhs^ 
5 pharmaceutical formulations. 

The term "phannaceuticaJly-acceptable salts" refers to the relatively non-toxic 
inorganic and organic acid addition salts of DP1V inhibitors. These sahs can be prepared * 
srm dunr* the final isolation and purification of the DPFV Inhibitors, or by sepaT cly 

10 ad, and uolanng salt thus formed. Representative sahs include the hydrobrolide, 
hydrochlonde, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, old, palrnitat^ 
stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, furnaratc, succinate, 
titrate, ..apthykue, mesylate, glucol.eptonate, lactobionate, and laurylsulphonate salts and 

15 ^ ( ^ f ° r ^ p,e > B ^ e «d.(1977)^hanr^^^ 

In other cases, the DPIV inhibitor useful in the methods of the present invention 
may contain one or more acidic functional groups and, thus, are capable of forming 
Pharmaceuttcally^cceptable salts with pharmaceuncaUy-acceptable bases. The term 
pharmaceuttcally-acceptable jalts" in these instances refers to the relatively non-toxic, 
morgamc and organic base addition salts of a DPIV inhibitors). These sahs can likewise 
be prepared in situ during the final isolation and purification of the DPIV inhibitors) or by 
separately reacting the purified DPIV inhibitor(s) in its free acid form with a suitable base 
such as the hydroxide, carbonate or bicarbonate of a pbannaceutically-acceptable metai 
canon, with ammonia, or with a pharmaceutically-acceptable organic primary, secondary or 
ternary amine. Representative! alkali or alkaline earth salts include the lithium, sodium, 
potassium, calcium, magnesium, and aluminum salts and the like. Representative organic 
ammes useful for the formation of base addition salts include ethylamine, diethylamide 
ethylenedzamine, emanolarmne, diethanolamine, piperazine and the like (see, for example 
oerge et al., suprd). v * 

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and 
magnestum stearate, as well as) coloring agents, release agents, coating agents, sweetening 
flavoring and perfuming agents, preservatives and antioxidants can also be present in the 
compositions. 

Examples of pharmacejnicaUy-acceptable antioxidants include: (1) water soluble 
annoxulants, such as ascorbic j acid, cysteine hydrochloride, sodium bisulfate. sodium 
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me^ulfite. sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl 
pataatc, belated hydroxyamsole (BHA), bwylated hydroxytoluene (BHTX Icchhil 

STjJV ^ fa ^ ^ P) »^ chelating a^ sul aTc^c 

5 ^ m ^ 1 « eAa — tctraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and 

for m f° nm f ODS ff 1 blhe methods of the present invention indude those suitable 

^ ^ ^ "* -* ^ aerosol and/or 

Parenteral admtnuaratron. ^formulations may conveniently be presented in unit dosage 
form and may be prepared by any methods well known in the art of pharmacy. The amount 

T^T 0 " am ° Unt ° f ^ wMch - * --nbiaed with a carrier 

-^^ptoduce a single dosage form will generally be that amount of the compound 
15 w^ 3 Generally, out of one hundred pC r cent, ^ Tount 

mr^"^ 1 pcr cent to about ^ ° f ■*« <■ 

pretty from about 5 per cent to about 70 per cent, most preferably from about 10 per 
cent to about 30 per cent 

Methods of preparing, these formulations or compositions include the step of 
bnngtng into assoctanon a DPIV inhibitors) with the carrier and, optionally, one or more 
20 acccry mgredrents. In general, the formulations are prepaid by uniformly and intimately 

earners, or both, and then, if necessary, shaping the product 

Formulations suitable for oral administration may be in the form of capsules, 
cachets, pdls, tablets, lozenges (using a flavored basis, usually sucrose and acacia or 

25 tragacantb). powders, granulei or as a solution or a suspension in an aqueous or non- 
aqueous hqmd, or as an oil-in-water or water-in^ liquid emulsion, or as an elixir or syrup 
or as pastdles (using an inert ibase, such as gelatin and glycerin, or sucrose and acaciai 
and/or as mouth washes and the like, each containing a predetermined amount of a DPIV 
utitib^s) as an active ingredient A compound may also be administered as a bolus 

30 electuary or paste. ' 

In solid dosage foxmsi for oral administration (capsules, tablets, pills, dragees 
Powders, granules and the like), the active ingredient is mixed with one or more' 
phann^ca^-acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or 

35 7 0) ^ ° r -* — -tose, sucrose, giucose 

35 manmtol, and/or stucic acid; (2) binders, such as, for example, carboxymethylcehulose 
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P 01 ^ ^ Ud0 ". — -d/or acacia; (3) humectants, such as 

^ " 8BMS - "* 88 carbonate, potato ox tapioca 

H!t ^ ^ ^ Cfflb0nflte; « solu *» warding agents 

such as paraffin; (6) absorption accelerators, such as quaternary ammonium (7)' 

absorbents, such as kaohn and bentonitc clay; (9) lubricants, such a talc, calcium steanL 

T'TVIT P ° lyCthylene **» ■«* and mixtures 

thereof; and (10) coloring agents. In the case of capsules, tablets and pills me 
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a 
amdar type may also be employed as fillers in soft and hard-filled gelatin capsules using 
°< * — « Polyethylene 

A tablet may be made by compression or molding, optionally with one or more 
accessory mgredients. Compressed tablets may be prepared using binder (for example, 
gelatm or hydroxypropyhnethyl cellulose), lubricant, inert diluent, preservative, 
dtsmtegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl 
ceUulose), surface-active or dispersing agent Moided tablets may be made by molding in a 
suable machine a mixture of the powdered peptide or peptidomimetic moistened with an 
inert liquid diluent 

Tablets, and other solid dosage forms, such as dragees, capsules, pills and granules, 
may optionally be scored or prepared whh coatings and shells, such as enteric coatings and 
other coatings well known in the pharmaceutical-formulating art They may also be 
formulated so as to provide slow or controlled release of the active ingredient therein using 
for example hydroxypropylmethyl cellulose in varying proportions to provide the desired 
release] profile, other polymer matrices, liposomes and/or microspheres. They may be 
sterilized by, for example, filtration through a bacterk-retaining filter, or by incorporating 
stenltzmg agents in the form of sterile solid compositions which can be dissolved in sterile 
water, or some other sterile injectable medium immediately before use. These compositions 
may also optionally contain opacifying agents and may be of a composition that they 
release the active ingredients) only, or preferentially, in a certain portion of the 
gastromtestinal tract, optionally, in a delayed manner. Examples of embedding 
epmposrtions which can be used include polymeric substances and waxes. The active 
ingredient cm, also be in microencapsulated form, if appropriate, with one or more of the 
above-described excipients. 

Liquid dosage forms for oral adininislratfon include pharmaceutical* acceptable 
emulsrons, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the 
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Besides inert diluents 
wetting agents, emulsifying 
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active ingredient, the liquid d< sage forms may contain inert diluents commonly used in the 
art, such as, for example, waft r or other solvents, solubiliang agents and anulsifiers, such 
as ethyl alcohol, isopropyl al »bol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
benroate^pxopylene glycol, 1 3-butylene glycol, oik fm particular, cottonseed, groundnut, 

1 sesame oils), glycerol, tetrahydroforyl alcohol, polyethylene 



glycols and fatty acid esters of sorbitan, and mixtures thereof 



the oral compositions can also include adjuvants such as 
suspending agents, sweetening, flavoring, coloring, 
perfuming and preservative ag ajts. 

Suspensions, in addM m to the active DPI* inhibitors) may contain suspending 
agents as, for example, ctb xylated isostearyl alcohols, polyoxyethylene sorbitol and 
sorbitan esters, microcrystalli ie cellulose, aluminum metahydroxide, bentonite, agar-agar 
and tragacanth, and mixtures t tcreof. 

Formulations for rectal or vaginal administration may be presented as a suppository, 
which may be prepared by mi ing one or more DPlt inhibitors) with one or more suitable 
nomrritating excipients or cariers comprising, for example, cocoa butter, polyethylene 
glycol, a suppository wax or a salicylate, and which is solid at room temperature, but liquid 
at body temperature and, then fore, will melt in the rectum or vaginal cavity and release the 
active agent 

Formulations which at g suitable for vagina* administration also include pessaries, 
tampons, creams, gels, pastes, foams or spray formulations containing such earners as are 
known in the art to be appropr ate. 

Dosage forms for the opical or transdermal; administration of a DPIV inhibhor(s) 
include powders, sprays, ointnents, pastes, creams, lotions, gels, solutions, patches and 
inhalants. The active component may be mixed under sterile conditions with a 
pharmaccuticaUy-acceptahle carrier, and with any .preservatives, buffers, or propellants 
which may be required. 

The ointments, paste , creams and gels Imay contain, in addition to DPIV 
inhibitors), excipients, such s animal and vegetable fats, oils, waxes, paraffins, starch, 
tragacanth, cellulose derivatives, polyethylene ghycjols, silicones, bentonites, silicic acid, 
talc and zinc oxide, or mixture i thereof. 

Powders and sprays ca i contain, in addition to a DPIV inhibitors), excipients such 
as lactose, talc, silicic acid, ah minum hydroxide, calcium silicates and polyamide powder, 
or mixtures of these substances. Sprays can additionally contain customary propellants,' 
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such as chlorofluomhydrcoarbons and volatile ansubstituted hydrocarbons, such as butane 
and propane 

The DPIV inhibitors) car, be alternatively administered by aerosol. This is 
accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles 
ccnta^g the compound. A nonaqueous (e.g., Duorocarbon propellant) suspension could 
beused. Some nebuuzcrs arc preferred because they mirumize exposing the agent to shear 
which can result in degradation of the compound. 

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or 
suspension of the agent together with conventional pharmaceutical^ acceptable carriers and 
stabihzer* The carriers and stabilizers vary with the requirements of the particular 
compound, but typically include nonionic surfactants fTweens, Pluronks. or polyethylene 
glycol), innocuous proteins like serum albumin, sbrbitan esters, oleic add, ledmin, amino 
aods such as glycine, buffers, salts, sugars or sugar alcohols. Aerosols generally are 
prepared from isotonic solutions. 

n»n, P** 1 * 5 * e **** Vantage of providing controlled delivery of a 

DPIV mbibitor(s) to the body. Such dosage forms can be made by dissolving or dispersing 
theagent m the proper medium Absorption enhancers can also be used to increase the flux 
of the pepudomimetic across the skin. The rate of such flux can be controlled by either 
pnmding a rate controlling membrane or dispersing the peptidonumetic in a polymer 
20 matrix or gel. r ' 

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also 
contemplated as being within the scope of this invention. 

Pharmaceutical compositions of this invention suitable for parenteral administration 
comprise one or more DPIV inhibitor^) in combination with one or more 
pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions, 
suspensions or emulsions, or sterile powders which may be reconstituted into sterile 
injectable solutions or dispersions just prior to use. which may contain antioxidants 
buffers, bacteriostats, solutes which render the formulation isotonic with the blood of the' 
intended recipient or suspending or thickening agents. 

Examples of suitable aqueous and nonaqueous carriers which may be employed in 
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as 
glycerol, propylene glycol polyethylene glycol, and the like), and suitable mixtures thereof 
vegetable oils, such as olive ou, and injectable organic esters, such as ethyl oleate. Proper" 
fluidity can be maintained, for example, by the use of coating materials, such as ledthin, by 
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the maintenance of the required particle size in the case of dispersions, and by the use of 
surfactants. 

These compositions amy also contain adjuvants such as preservatives, wetting 
agents, emulsifying agents and dispersing agents. Prevention of the action of 
imaoorganisms may be ensured by the inclusion of various antibacterial and antifungal 
agent* for example, paraben, chlorobutanol, phenol sorbic acid, and me like. It may also be 
desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the 
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may 
be brought about by the inclusion of agents which delay absorption such as aluminum 
lu monostearate and gelatin. 

In some cases, in order to prolong the effect of a drug, it is desirable to slow the 
absorption of the drug from subcutaneous or intramuscular injection. This may be 
accomplished by the use of a Squid suspension of crystalline or amorphous material having 
poor water solubility. The rate of absorption of the drug then depends upon its rate of 
dissolution which, in turn, may depend upon crystal size and crystalline fonn. Alternatively 
delayed absorption of a parent^y-adnrinistered drug form is accomplished by dissolving 
or suspending the drug in an oil vehicle. 
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Injectable depot forms are made by forming inicrocncapsule matrices of DPIV 
mhibitoKs) in biodegradable polymers such as polylactide-polyglycolide. Depending on the 
ratio of drug to polymer, and the nature of the particular polymer employed, the rate of drug 
release can be controlled. Examples of other biodegradable polymers include 
poMorthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by 
entrappmg the drug in liposomes or mictoemulsiot* which are compatible with body tissue. 

When the DPIV inhibitors) of the present invention are adtninistered as 
pharmaceuticals, to humans and animals, they can be given per se or as a pharmaceutical 
composmon containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active 
ingredient in combination with a pharmaceutical^ acceptable carrier. 

The preparations of agents may be given orally, parenterally, topically, or rectally 
They are of course given by forms suitable for each administration route. For example, they 
are adnnmstered in tablets or capsule form, by injection, inhalation, eye lotion, ointment, 
suppository, etc. adniinistration by injection, infusion or inhalation; topical by lotion or 
ointment; and rectal by suppositories. Oral administration is preferred. 

The phrases -parenteral adntinistration" and "administered parenterally- as used 
herein means modes of administration other than enteral and topical administration, usually 
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial 
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iimathead. intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, 
transtracheal, subcutaneous, subcuticular, intraarticular^ subcapsular, subarachnoid, 
intraspinal and intrasternal injection and infusion. 

Ibe phrases "systemic administration,- "administered systemically," "peripheral 
administration" and "administered peripherally" as used herein mean the administration of a 
DPIV inhibitor, drug or other material other than directly into the central nervous system 
such that it enters the patient's system and, thus, is subject to metabolism and other like 
processes, for example, subcutaneous adniinistratiou. 

These DPIV inhibitors) may be administered to humans and other animals for 
therapy by any suitable route of administration, including orally, nasally, as by, for 
example, a spray, rectaUy, intravaginally, parenteral^, intracisternally and topically, as by 
powders, ointments or drops, including buccalJy and sublingual])-. 

Regardless of the route of administration selected, the DPIV inhibitors), which may 
be used in a suitable hydrated form, and/or the pharmaceutical compositions of the present 
invention, are formulated into pharmaceutically-acceptable dosage forms by conventional 
methods known to those of skill in the art. 

Actual dosage levels of the active ingredients in the pharmaceutical compositions of 
this invention may be varied so as to obtain an amount of the active ingredient which is 
effective to achieve the desired therapeutic response for a particular patient, composition, 
and mode of administration, without being toxic to the patient. 
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G. Conjoint administration 

Another aspect of the invention provides ; a conjoint therapy wherein one or more 
other therapeutic agents are administered with the protease inhibitor. Such conjoint 
treatment may be achieved by way of the simultaneous, sequential or separate dosing of the 
individual components of the treatment 

In one embodiment, a DPIV inhibitor is conjointly administered with insulin or 
other insulinotropic agents, such as GLP-1 or a gene therapy vector which causes the 
ectopic expression of GLP-1. 

In another Utustrative embodiment, the subject inhibitors can be conjointly 
adnunistered with a an Ml receptor antagonist Cholinergic agents are potent modulators of 
insulin release that act via muscarinic receptors. Moreover, the use of such agents can have 
the added benefit of decreasing cholesterol levels, while increasing HDL levels. Suitable 
muscarinic receptor antagonists include substances that directly or indirectly block 
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activation of muscarinic cholinergic receptors. Preferably, such substances are selective (or 
are used m amounts that promote such selectivity) for the Ml receptor. Nonlimhing 
example, include quaternary amines (such as methanthelme, ipratropium, and 
propanthelme), tertiary amines (e.g. dicyclomine, scopolamine) and tricyclic amines (e.g 
telenzepme). Pirenzepine and methyl scopolamine are preferred. Other suitable muscarinic 
r*eptor antagonists include benztropine (commercially available as COGENTINfram 
MerckX hexalrydro^^enidol hydrochloride (HHSED hydrochloride disclosed in 
Lambrecht et aL (1989) Tiend^Pba^acoLM. 10(Suppl):60; ( +/- )-3-<n^ucudmyI 
xanthene-9-caxboxylat. hemioxalate (QNX-hemioxalate; Birdsall et al.. Trends in 
Pharmacol. Sci. 4:459, 1983; tdcnzepine dihydrrchloride (Coruzzi et al. (1989) Arch lot 
ZhSToacodyju Tier 302:232; and Kawashima et aL (1990) Q^. mm c sL2 {^i 
atropme. The dosages of such muscarinic receptor antagonists wfll be generally subject to 
optumzauon as outlined above. In the case of lipid metabolism disorders, dosage 
optoizauon may be necessary independently of whether adrninistration is timed by 
15 reference to the lipid metabolism responsiveness window or not 

In terms of regulating insulin and lipid metabolism and reducing the foregoing 
disorders, the subject DPIV inhibitors may also act synergistically with prolactin inhibitors 
such as d2 dopamine agonists (e.g. bromocriptine).. Accordingly, the subject method can 
include the conjoint administration of such prolactin inhibitors as pmlactm-inhibiting ergo 

20 alkalo.ds and prolactm-inhibiting dopamine agonists. Espies of suitable compounds 
include 2-bromo-alpha-ergocriptine, 6-methyl-8 beta-carbobenzyloxyaminoethyl-10-alpha- 
ergohne. 8-acyIaminoergolines, ^memyl-8-dpha-(N-acy0ammc-9-ergoline, 6Hnethyl-8- 
^ha^-phen y lacetyl)anuno-9-ergoli n e, ergocominc, 9,10-dihydroergocomine, D-2-halo- 
6-alkyl-S-substit.ted ergoHnes, D-^bmnK.^emyl-g^anon^ylergoline, carbidopa, 

-5 henselae and other dopadecarboxylase inhibitc-is, L-dopa, dopamine and non toxic salts 
thereof. 

The DPTV inhibitors used according to the invention can also be used conjointly 
with agents acting on the ATP-dependent potassium channel of the p-cells, such as 
ghbenclamide. glipizide, gliclazide and AG-EE 623 ZW. The DPIV inhibitors may also 
advantageously be applied in combination with other oral agents such as metformin and 
related compounds or glucosidase inhibitors as, for-example, acarbose. 
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Exemplification 



The invention now being generally desoibk it will be more readily understood by 
reference to the following examples which are included merely for purposes of illustration 
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of certain aspects and embodiments of the present invention, and axe not intended to limit 
the invention. 



Example 1: Synthesis ofBoroProline 

Referring to Figure 1. the starting compound I is prepared essentially by the 
procedure of Matteson ct aL (Organomctallks 3:1284. 1984), except that a pinacol ester is 
substituted for the pinanediol ester. Similar compounds such as boropipecolic acid and 2- 
azetodine boronic acid can be prepared by making the appropriate selection of starting 
material to yield the pentyi and propyl analogs of compound I. Further. CI can be 
substituted for Br in the formula, and other diol protecting groups can be substituted for 
pmacol in the formula, eg, 2, 3-butanediol and alphapinanediol. 

Compound n is prepared by reacting compound I with [(a^SifeN-Li* . In this 
reaction hexamethyldisilazane is dissolved in tetrahydrofuran and an equivalent of n- 
butyllithium added at -78°C After wanning to rtom temperature (20°Q and cooling to - 
78'C. an equivalent of compound I is added in tetrahydrofuran. The mixture is allowed to 
slowly come to room temperature and to stir overnight The alpla-bisltrimethylsilanej- 
protected amine is isolated by evaporating solvent and adding hexane under anhydrous 
conditions. Insoluble residue is removed by filtration under a nitrogen blanket, yielding a 
hexane solution of compound n. 

Compound HI, the N-trimethysUyl protected form of boroProline is obtained by the 
thermal cyclization of compound II during the distillation process in which compound II is 
heated to 100-150°C and distillate is collected which boils 66-62°C at 0.06-0.10 mm 
pressure. 

Compound IV, boroProline-pinacol hydrogen chloride, is obtained by treatment of 
compound m with HChdioxane. Excess HQ and by-products are removed by trituration 
with ether. The final product is obtained in a high degree of purity by recrystallization from 
ethyl acetate. 

The boroProline esters can also be obtained by treatment of the reaction mixture 
obtained in the preparation of compound H with anhydrous acid to yield l-amino-4- 
bromobutyl boronate pinacol as a salt Cyclization occurs after neutralizing the salt with 
base and heating the reaction. 



Example 2: Preparation ofboroProline-pmacol 
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The btennediate, 4-Bromo-l<hlorobutyl boronate pinacol, was prepared by the 
method in Matteson et aJ. (Orgaaometallics 3:1284, 1984) except that conditions were 
modified for large scale preparations and pinacol was substituted for the pinanediol 
protecting group, 

3- bromopropyl boronate pinacol was prepared by hydrogenboronation of allyl 

wTL^ Z ^ ^ ^ P4 ° 2 00 «** Catecho. boranc 

was added to ally] bronude and the reaction heated for 4 hours at 100°C under a nitrogen 
atmosphere. The product, 3-bromopropyI boronate catechol (bp 95-102°Q 025 mm) was 
isolated in a yield of 49% by distillation. The catechol ester (124 g, 0.52 moles) was 
traBsesterified with pinacol (61 .5 g, 0.52 moles) by mixing the component in 50 ml of THF 
and allowing them to stir for 0.5 hours at 0°C and 0.5 hours at room temperature Solvent 
was removed by evaporation and 250 ml of hexane added. Catechol was removed as a 
crysudhne solid. Quantitative removal was achieved by successive dilution to 500 ml and to 
1000 ml wnh hcxane and removing crystals at each dilution. Hexane was evaporated and 
the product distilled to yield 177g (bp 60-o4°C, 035 mm). 

4- Bromo-l-cMorobutyl boronate pinacol was prepared by homologation of the 
con^ponding propyl boronate. Methylene chloride (50.S4 ml, 0.713 moles) was dissolved 
in 500 ml of THF, 1.54N n-butywthium m hexane (480 ml, 0.780 moles) was slowly added 
V™. 3 - Brom °P ro Py 1 1"™** P*acol (178 s, 0.713 moles) was dissolved in 500 ml 
of THG cooled to the freezing point of the solution, and added to «be reaction mixture 
Zinc chloride (54.4 g. 0.392 moles) was dissolved in 250 ml of THG, cooled to 0»C and 
added to the reaction mixture in several portions. The reaction was allowed to slowly warm 
to room temperature and to stir overnight Solvent was evaporated and the residue dissolved 
m hexane (1 liter) and washed with water (1 liter). Insoluble materia] was discarded After 
drying over anhydrous magnesium sulfate and filtering, solvent was evaporated. The 
product was distilled to yield 147 g (bp 1 1 0-1 12"C, 0.200 mm). 

N-TrtmethylsUyl-boroProlme pinacol was prepared first by dissolving 
h^thyldfailizam: (20.0 g. 80.0 mmoles) in 30 ml of THF. cooling the solution to - 
78 C, and adding 1.62N n-butyllithium in hexane (49.4 ml. 80.0 mmoles). The solution was 
aUowed to slowly warm to room temperature. It was recooled to -78°C. and 4-bromo-I- 
chlorobmyl boronate pinacol (23.9 g, 80.0 mmoles) added in 20 ml of THF. The mixture 
was allowed to slowly warm to mom temperature and to stir overnight Solvent was 
removed by evaporation and dry hexane (400 ml], added to yield a precipitant which was 
removed by filbration under a nitrogen atmosphere. The filtrate was evaporated and the 
readue distilled, yielding 19.4 g of the desired product (bp 60-62«C, 0. 1-0 06 mm) 
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H-boroProlin.spinacol.HCl (boroProlme-pinacol .HC1) was prepared by cooling N 
tnmcthybilyl-boroProlinc pinacol (16.0 k 61.7 mmoles) to -78«C and adding 4N 
HCLrdioxane 46 ml, 185 mmoles). The mixture was stirred 30 minutes at -78»C and 1 hour 
at room temperature. Solvent was evaporated and the residue triturated with ether to yield a 
solid. The crude product was dissolved in chloroform and insoluble material removed by 
ffltnaon. The solution was evaporated mi the product crystallized from ethyl acetate to 
yield 1 1.1 g of the desired product (mp 15635-157°Q. 



Example 3: Synthesis ofhoroProline Peptides 

General methods of coupling of N-protected peptides and amino acids with suitable 
side-chain protecting groups to H-boroProjbe-piriacol are applicable. When needed side- 
^protecting and N-temrinal protecting groups can be removed by treatment' with 
anhydrous HC1, HBr, trifluoroacetic acid, or by catalytic hydrogenation. These procedures 
are known to those skilled in the art of peptide synthesis. 

The mixed anhydride procedure oflAnderson et al. (J. Am. Chem. Soc 89 5012, 
1984) is preferred for peptide coupling. RdUg .gain to Figure 1, the mixed anhydride of 
an N-protected amino acid or a peptide is prepared by dissolving the peptide in 
tctrahydrofuran and adding one equivalent W N-methylmorpholine. Tne solution is cooled 
to -20«C and an equivalent of isobutyl cWorbformate is added. After 5 minutes, mis mixture 
and one equivalent of triemylamine (or Jthcr sterically hindered base) are added to a 
solution of H-boroPro-pinacol dissolved in jither c old chloroform of tetrahydrofuran. 

The reaction mixture is routinely stirred for one hour at -20°C and 1 to 2 hours at 
room temperature (20°C). Solvent is remold by evaporation, and the residue is dissolved 
tn ethyl acetate. The organic solution is washed with 0.20N hydrochloric acid, 5% aqueous 
sodium bicarbonate, and saturated aqueoJ sodium chloride. The organic phase is dried 
over anhydrous sodium sulfate, filtered, aid evaporated. Products are purified by either 
silica gel chromatography or gel penneatioji chromatography using Sephadex TM LH-20 
and methanol as a solvent. ] 

Previous studies have shown that tie pinacol protecting group can be removed in 
situ by preincubanon in phosphate buffer pjior torunning biological experiments (Kettner 
et al.. J. Biol. Chem. 259:15106, 1984). Several other methods are also applicable for 
removmg pinacol groups from peptides. incjudinghoroProline, and characterizing the final 
product First, the peptide can be treated 4ith di^anolanu« to yield u« corresponding 
diethanolamine boronic acid ester, which Scan bi readily hydrolyzed by treatment with 



I 
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aqucous acid or a sulfonic acid substituted polystyrene resin as described in Kettner et al 
(supra). Both pinacol and pinanediol protecting groups can be removed by treating with 
BCnut^Urylene chloride ^described by Kinder et al. (J. Med Chen, 28:1917). Finally 
4* fee borontc actd can be converted to the difluoroboron derivative (-BF2) by treannent' 
with aqueous HF as described by Kinder et al. (supra). 

Similarly different ester groups can be introduced by reacting the free boronic acid 
wuh vanous di-hydroxy compounds (for example, those containing heteroatoms such as S 
or N) in an inert solvent 
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Example 4: Preparation ofH-Ala-boroPro 

Boc-Ala-boroPro was -prepared by mixed anhydride coupling of the N-Boc- 
pnKected alanine and H-borbPro prepared as described above. H-AIa-boxoPro (Ala. 
boroPro) was prepared by removal of the Hoc protecting group at 0°C in 3.5 molar excess 

ll^irT ^l 1 ^ f^ 8 md were performed by standard 

chemtcal reaction. Ala-boroPro 1 has a K, for DMV of in the nanomoiar range, Blocked 
Ala-boroPro has no affinity forDP-IV. 

The two mastereomers of Ala-boroPro-pinacol L-Ala-D-boroPro-pmacol and L- 
Ala^roPro-pinacol. can bepartially separated, by silica gel chromatography with 20% 
memanol m ethyl acetate as eluant The eariy fraction appears by NMR analysis to be 95% 
ennched m one isomer. Because this fraction has more inhibits DP-TV to a greater extent 
than later fractions (at equal concentrations) it is probably enriched in the L-boroPro (L- 
Ala-L-boroPro-pinacoO isomer! 

Example 5: Glucose TblerancelTest 

Experiments show that ipro-boro-pro clearly lowers blood sugar based upon results 
from an oral glucose challenged mice. The first two experiments are "acute" experiments 
wherem the mice were injected with a single dose of Pro-borc-pro. In the first set of 
experunents mice were injected with 150 ug of Pro-boro-pro (PBP-1) and then subjected to 
an oral glucose tolerance test within an hour. 8 fig of GLP-1 was also administered to these 
mice five minutes prior to administration of glucose. See Figure 2. In a second set of 
expenments mice were injected with Pro-boro-pro (PBP-2) one hour prior to an oral 
glucose challenge test. Figure 3 presents the results of these experiments. Each set of 
expenments was also performed using saline as a control. 
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Wm ***** rf^mcnts were 'chronic' experiments, wherein the mice were 
n*«*d t-ce daily wtth Prc-boro-pro for four da,,, followed by an oral glucose challenge. 
These results are presented in Figure 4. 

Example 6: Glucose Tolerate Test, comparison of normal and GLP-1 receptor V- mice 

ru ■ G T1 SCne " kn ° Ck " Ut * ^ ^ UCOX * mice. 

Gallwuz B; Schmidt WE Z Gastroenterol (1997) 35: 655-8 Figure 5 conZ^T j", 

cfF^boro^ro to lower plasma glucose levels in aonnal and GLP- , receptor -/- transgenic 



reference 



AD of the above-cited references and publications are hereby incorporated by 



Equivalent's 

15 



routine ^ 01 * 10 «*• - more than 

Z^LT nm TT n ' 10 ^ OTbod ^ of the invention 

described herern. Such equrvalents are intended to * encompassed by the foUowing claims. 
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We claim; 



2. 
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3. 
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A method for modifying] in an animal, metabolism of glucagon-like peptide 1 (GLP- 
1) compnsmg adminujiring m me ammal a composition including one or more 
mhfoitors of a dipeptidybeptidase which motivates GLP-1. which inhibitors) are 
adtnunstered in an amount sufficient to inhibit the dipeptidyrpeptidase proteolysis of 



A method for modifying ; 
to the animal a compos 
DPIV-mediated proteol) is 



; (glucose metabolism of an animal, comprising administering 
tjon including one ox more protease inhibitors which inhibit 
withaKiof InMorless. 



A method for modifying jocose metabolism of an animal, comprising administering 
to the animal a competition including one <* more protease inhibitors which inhibit 
the proteolysis of gluca^-Iike peptide 1 (GLP-1) and accordingly increase the 
plasma half-life of GLP-I fi. 



4. A method for treating 
composition including 



5. The method of claim 1 , 



7. The method of claim 2 
of insulin resistance, gl 
hyperlipidemia, hy 



I|ype II diabetes, comprising administering to an animal a 
or more inhibitors dipcptidylpeptidasc IV (DPIV). 



^{herein dipeptidyrpeptidase is DPIV. 



6. The method of claim 3, ^herein protease infcibitor is an inhibitor of DPIV. 



rx 3, wherein administering the inhibitor reduces one or more 
xtose intolerance, hyperglycemia, hypeiinsulinemia, obesity, 



& The method of claim 1, 
30 of glucose metabolism 

immunosuppression. 



A 3 or 4, wherein the inhibitor has an EC50 for modification 
wjiich is at least one order of magnitude less than its EC50 for 
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9. The method of claim 1, 2, 3 oi 4, wherein tLe inhibitor has an EC50 for inhibition of 
glucose tolerance in the nanomolar or less range 

5 10. The method of claim 1, 2, 3 or 4. wherein the inhibitor has an EC50 for 
immunosuppression in the uM or greater range. 



1 1. The method of claim 4, 5 or 6, wherein the ilnhibitor has a Ki for DPIV inhibition of 
1.0 nm or less. 



10 



12. The method of claim 1. 2, 3 or 4, wherein to: inhibitor is peptidonumetic of a peptide 
selected from the group consisting Pro-Pro. t Ja-Pro, and (D)-Ala-(L)-Ala. 

13. Themefcodofclaiml,2,3or4,whcrem^ 
15 than 7500 amu. 



14. The method of claim 1. 2, 3 or 4, wherein the inhibitor is orally 



active. 



15 The method of claim I, 2, 3 or 4, wherein tfe inhibitor is represented by the general 
20 formula; a 

R2 



1 A 



R3 

wherein 

A represents a 4-8 membered heterocycle iricluding the N and ihe Co carbon; 
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2 represents C or N; 

W represents a functional group which rods with an active she residue of the 
targeted protease, 

Rj represents a C-tenhinally linked amino add residue or amino acid analog, or a 
C terminally linked peptide or peptide analog, or an ainino-protecting group, or 

o s o 
R«— c— , R«-c— .Rs-jj— . 

R 2 is absent or represents one or more substitutions to the ring A, each of which can 
independently be a halogen, a lower alky!, a lower alkenyl, a lower alkynyl. a carbonyl 
(such as a carboxyl. an ester, a formate, or a ketone), a tbiocarbonyl (such as a thioester. a 
thioacetate, or a thiofbrmate), an amino, an acylaraino, an amido, a cyano, a nitre, an azido 
a sulfate, a sulfonate, a sulfbmunido, ^CH^-R- -(CH^-OH, -(CH^-O-lower alkyl. - 
(CH^-O-lower alkenyl, -(CH^-OKCH^-R, -(CH^-SH, -(CH^-S-lower alkyl, - 
(CHzVS-lower alkenyl, -(CHa^KCH^-R^ 

if X is N, R 3 represents hydrogen, if X is C, R 3 represents hydrogen or a halogen, a 
lower alkyl, a lower alkenyl, a lower alkynyl, a carbonyl (such as a carboxyl, an ester, a 
formate, or a ketone), a thiocarbonyl (such as a thioester, a thioacetate, or a thiofbrmate), an 
ammo, an acylamino, an amido, a cyano, a nitro. an azido, a sulfate, a sulfonate a 
sulfonamido, -(CH^-R,, -(CH^-OH, -(CH^-O-lower alkyl, -(CH^-O-lower 
alkenyl, -(OT^-O^CH^-R* .(CH^-SH, HCH^-S-lowcr alkyl, -(CH^-S-Iower 
20 alkenyl, -(CHA-S^CH^-R^ 

R* represents hydrogen, a halogen, a alkyl. a alkenyl, a alkynyl, an aryl, -(CH^- 
R? ' ^ CH 2)m-Oa -(CH^-O^alkyl, -(CH^-O-jOcenyl, KCH^-O-alkynyl, -(CH^-O- 
(CH^-R* -(CH^-SH, -(CH^-S-alkyl, -(CH^-S-alkenyl, KCH^-S-alkynyL - 
(CH^^CHj)^, 

R 7 represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl, 
cycloalkyl, cycloalkenyl, or heterocycle; 

mis zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to 
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8. 



30 16. 



The method of claim 15, wherein 
W represents -CN, -CH=NR 5 , 
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'^ynyi, -c(x,xx2)X3. -(ch^-r,. - 



be OH, or a group capable of being 
c derivatives where Yj and Y 2 are 



R5 represents H, an alkyl, an alkenyl, an 
(CH2)n-OH, -<CH2)n-0-alkyl. ^CT^-O-alkc^l. KCH^n^l^l/^CH^-O- 
(CH2)m-R 7 , -(CH^SH, -{Oyn-S-aDcyl, -(ci^-S-alkenyl, -{CH^n-S-alkynyl, - 
(CH2)n-S-(CH2)m-R 7 , -C(0)G(0)NH 2 . -C(0)C(OH >R' 7 ; 

R' 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted 
alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkeny , or heterocycle; and 

Yj and Y 2 can independently or together 
hydrolyzed to a hydroxy] group, including cyol 

connected via a ring having fiom 5 to 8 atoms in 11 e ring structure (such as pinacol or the 
like). 

R50 represents O or S; 
R5I represents N3, SH 2 , NH 2 . NO2 or OR'-; 

R52 represents hydrogen, a lower alkyl, ai amine, OR" 7 , or a pharmaceutical^ 
acceptable salt, or R 51 and R$ 2 taken together wh 1 the phosphorous atom to which they 
are attached complete a heterocyclic ring having froi n 5 to 8 atoms in the ring structure 

X| represents a halogen; 

X 2 and X 3 each represent a hydrogen or a £a ogen 
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1 8. The method of claim 1 6, wherein the ring A 




wherein n is an integer of 1 or 2. 



1 9. The method of claim 1 6, wherein W repress r ts 



s represented by the fonnula 



or 



20 The method of claim 1 6, wherein Rl reprejc its 
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wherein 

R3 6 is a small hydrophobic group and R3 5 is hydrogen, or, R36 and R38 together 
form a 4-7 membered heterocycle including the N and the Ca carbon, as defined for A 
above; and 

R40 represems a C-terminally linked amino acid residue or amino acid analog, or a 
C-ternumuly linked peptide orpeptide analog, or ^ammo-protecting gmup 

2L^ The method of claim 16. wherein R2 is absent, or represents a small hydrophobic 



22. The method of claim 16, wherein R3 is a hydrogen, or a small hydrophobic group. 

23. The method of claim 1 6, wherein R5 is a hydrogen, or a halogentated lower alkyl. 

fluorine" 16 X1 * 3 ™ tf Mo ^. are 

25. The method of claim 16,wherein the inhibitor is represented by the general formula: 




wherein 

R, represents a C-terminaily linked amino acid residue or amino acid analog, or a 

0 S 0 

terminally linked peptide or peptide analog, or «6~ C— , R^— C — . R«— S — . 
C- n 



WO 99/38501 



-57- 



PCT/US99/02294 



Rfi represents hydrogen, a halogen, a alky;, a alkenyl a alkynyl, an aryl. -(CH^. 
Rt.^CH^-OH, -(CH^-O-alkyl, KCH^-O-^eny], KCH^-O^lkynyl, -(CH^ 
OJ^-Rr, ■{CHA.-SH. -(CH^-S-aOcyl, «:^ n -S-a!kenyl, -(CH^-S-alkynyl, - 

^CRdJLlcy,. -(CH^^Itoy,, -^Ot J-Ikynyl . or -(CH^^CH^-R, 
R 7 represents an aryl, a cycloalkyl, a cycloiiikenyl, or a heterocycle; 

Rg and R, each independently represent hydrogen, alkyl, alkenyL -(CH,) -R, - 
C(=0>alkyl. -C(=0)-alkenyl, -Cf-OValkynyl, -CC^HCH^-R,, 

or Rg and R, taken together with the N atcm to which they" are attached complete a 
heterocyclic ring having from 4 to 8 atoms in the nog structure; 

R, | and R, 2 each independently represent hydrogen, a alkyl, or a pharmaceutical^ 
acceptable salt, or R, , and R 12 taken together vrith the O-B-0 atoms to which they are 
attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure; 

m is zero or an integer in the range of 1 to Z; and n is an integer in the range of 1 to 

26. The method of claim 16 .wherein the inhibitor is represented by the general formula 



Rl 

wherein 



R, represents a C-terminally linked amino acid residue or amino acid analog, or a 

<jj S 0 

terminal linked peptide or peptide analog, or Rs~ C — , Rj— C — ,R<— S — . 

c- § • 
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R<5 represents hydrogen, a halogen, a alky , a alkenyl, a alkynyl, an atyl, -{CH^- 
R 7 , -(CH^-OH, -{CHjVO-alkyI, -(CH^-O^dkenyL -(CH^-O-alkynyl, -(CH^-O- 
(CH^-R,, ^CH^-SH, -{OT^-S-alkyl, -(-H^-S-alkcnyl, -{CH^-S-alkynyl, - 



-^CH^-^llcyl , ^oyJLlkenyl, -<C3- OnXalkynyl . or -(CH^-CCHz)^ 

R 7 represents an aryl, a cycloalkyl, a cyck;LlkenyL or a heterocycle; 

Rg and R, each independently represent hydrogen, alkyL alkenyl, -(CH^-R, - 
C(=0)-alkyl, -C(=OHlkenyl -C(K)}-alkynyl, -C: OMCl^-R,, 

or R g and Rg taken together with the N at-m to which they are attached complete a 
heterocyclic ring having from 4 to 8 atoms in the ring structure; and 

m is zero or an integer in the range of 1 tt 8; and n is an integer in the range of I to 

8. 

27. The method of claim 16 .wherein the inhibitor is represented by the general formula: 



Cu 



z/S. 

wherein 

R l represents a C-terminally linked amhn add residue or amino acid analog, or a 

O S O 

terminally linked peptide or peptide analog, or Rs~ C— , Rj— C — . Rj— S — . 
C- O 
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R« represents hydrogen, a halogen, a alky!, a alkenyi, a aDcynyl, an aryl. -(CH,) - 
% -(CH^OH, -{CH^-O-alkyl, KCH^Jkenyl, -(CH^-O^lkynyl, ^CH^i 
(CT2)m-R7. -(CH^-SH, -{CH^-S^Dcy], -(CH^-S-alkenyl, -{CH^-S-aJkynyl, - 



-(CH^-aJkyl, ^CHdJLlkenyl, ^CH^JLukynyl . or -(CH^^CH^, 

R? represents an aryl, a eycloalkyl, a cycladkenyl, or a heterocycle; 

10 R 8 and R, each independenUy represent hydrogen, alkyl, alkenyi, -(CH^-R, - 

C(=0>alkyl, -C(=0>alkenyl, -C(=0)-alkynyl, -QOKCH^.R,, 

or R s and R, taken together with the N atcjn to which they are attached complete a 
heterocyclic ring having from 4 to 8 atoms in the r ug structure; 
X! , X 2 and X 3 each represent a hydrogen or a halogen; and 

15 mb zero or an integer m the range of 1 to 8; and n is an integer in the range of llo 

8. 

28. The method of claim 16 .wherein the inhibitor is represented by the general formula: 




R30 

R3 

O 
20 

wherein 

R32 is a small hydrophobic group; and 

R30 represents a C-tertninaUy linked amino acid residue or amino acid analog, or a 
C-tenninally linked peptide or peptide analog, or ;in arnino-protecting group. 
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29. The method of claim 1 6 .wherein the inhibitor is represented by the general formula: 

1 H r 



wherein 



W represents a functional group which j-eacts with an active site residue of the 
targeted protease, as for example, -CN, -CH=NR J: 

0 *« 

R, represents a C-tenninally linked amino acid residue or amino acid analog, or a 
C- terminally linked peptide or peptide analog, or an ammo-protecting group, or 

o s o 
Rr-c— . Rs— c— .Rs-jj— : 

R 3 represents hydrogen or a halogen, a lower alkyl. a lower alkenyl, a lower 
alkynyl. a carbonyl (such as a carboxyl, an ester, a formate, or a ketone), a thiocarbonyl 
(such as a thioester, a thioacetate, or a thiofonnaie), an amino, an acylamino, an amido a 
cyano, a nitro, an azido, a sulfite, a sulfonate, a sulfonamide, -(CH^.R,, -(CH^-Ori - 
(CH^-O-lower aDcyl, -(CH^-O-lower alkeny. -(CHA-CMCH^-R,, -(CH^-SH, - 
(CH^-S-lower alkyl, -(CH^-S-lower alkenyl, '-(CH^-SKCH^-R,; 

R 5 represents H, an alkyl, an alkenyl, ar, alkynyl, -CfXjXX^Xj, -(CH^-R* - 
(CH^-OH, -(Ciyn-O-alkyl. -{CH^O-alfeayl, -(CH^n-O-alkynyl, -(CH^O- 
(CH2)m-R 7 , -(CH^n-SH, -(CH^S-alkyl. -(CH^n-S-alkcnyl, -(CH^n-S-alkynyl - 
(OT^n-SKCH^m-R^ -QOX:(0)NH2. -C(O)C(0;)OR' 7 ; 

R« represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH^- 
R 7 . -(CH^-OH, -(CH^-O-alkyl, KCH^-O-alkenyl, KCH^-O-alkynyl, -(CH^-O- 
(CH^-R;, -(CH^-SH, -(CH^-S-aikyl, -(CH^-S-alkenyl, -{CH^-S-alkynyl, - 
(C H 2)m-S-(CH 2 ) m .R 7 , 

R 7 represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl, 
cycloalkyl, cydoalkeoyl, or heierocycle; 
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R* 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted 
alkyl, alkenyl, aryl, aralkyl, cycloaDcyl, cycloalkenyl, or heterocyele; 

R^Sj andR^ indepedently, represent srnaU hydrophobic groups; 

Y, and Y 2 can independently or together be OH, or a group capable of being 
hydrolyzed to a bydroxyl group, including cyclic derivatives where Y, and Y 2 are 

connected via a ring having from 5 to 8 atoms in the ring structure (such as mnacol or the 
like), 

R50 represents 0 or S; 

R5 1 represents N3, SH2, NH2, NO2 or OR' 7 ; 

R52 represents hydrogen, a lower alkyl, an amine, OR' 7 , or a pharmaceutical^ 
acceptable salt, or R 51 and R 52 taken together with the phosphorous atom to which they 
are attached complete a heterocyclic ring having fitim 5 to 8 atoms in the ring structure 

X] represents a halogen; 

X 2 and X 3 each represent a hydrogen or a halogen 

mis zero or an integer in the range of 1 tc 8; and n is an integer in the range of I to 

8. 



30. A method for modifiying, in an animal, meiabolism of peptide hormone, comprising 
administering to the animal a composition including one or more inhibitors of 
dipeptidylpeptidase IV (DPIV) in an amount sufficient to increase the plasma half-life 
of a peptide hormone, which peptide hormone is selected from the group consisting of 
glucagon-like peptide 2 (GLP-2), growth hormone-releasing factor (GHRF) 
vasoactive intestinal peptide (VIP), peptide histidine isoleucine (PHI), pituitary' 
adenylate cyclase activating peptide (PACAP), gastric inhibitory peptide (GIP), 
helodermin, Peptide YY and neuropeptide Y. 



31. A method for modifying glucose metabolism of an animal, comprising administering 
to the animal a composition including boronyl peptidomimetic of a peptide selected 
from the group consisting Pro-Pro, Ala-Pro, tmd (D)-Ala-(L>Ala. 

32. The method of claim 31, wherien the boronyl peptidomimetic is represented in the 
general formula: 
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R30— N'D^"*^ ^Y 3 
or 0 R « 

wherein 

each A independently represents a 4-8 member*, heterocycle including the N and the Ca 
carbon; 

R 2 is absent or represents one or more substitutions to the ring A, each of which can 
independently be a halogen, a lower alt-l, a lower alkenyl, a lower alkynyl, a 
carbonyl (such as a carboxyl, an ester, a foriaate, or a ketone), a tbiocarbonyl (such as 
a thioester, a thioacetate, or a thiofonnate), an amino, an acylamino, an amido a 
cyano. a nitro, an azido.a sulfite, a sulfonate, a sulfonamido, •<Oy in -R 7 , -(CH£ m - 
OH, -(CH^-O-lower alkyl, -(CH^-C -lower alkenyl, -(CH^-OKCH^-R™, 
-(CH^-SH, -(CH^-S-lower alkyl, -(CH^-S-lower alkenyl, -(CH^-S^CHjV 
R 7 . 

R 3 represents hydrogen or a halogen, a lower altyl, a lower alkenyl, a lower alkynyl, a 
carbonyl (such as a carboxyl, an ester, a fohnate, or a ketone), a tbiocarbonyl (such as 
a thioester, a thioacetate, or a thiofonnate), an amino, an acylamino, an amido a 
cyano, a nitro, an azido, a sulfate, a sulfonate, a sulfonamido, -(CH^-R;, -(CHjV 
OH, -(CH^-O-lower alkyl, -(CH^-C -lower alkenyl, -(CH^-OKCH^-Ry, 
"(CH^-SH, -(CH^-S-lower alkyl, -(CH^-S-lower alkenyl, -(CH 2 ) n -S-(CH 2 ) ln - 
R7; 

R 5 represents H, an alkyl, an alkenyl, an alkynyl, -CpC.XX^, -(CH 2 )m-R 7 , -(CH 2 )n- 
OH, -(CH2>-0-alkyl, -(CH 2 )n-0-alkenyl,.- ( ;CH 2 )n-O-alkynyl, -(CH^n-O^CH^m- 
R 7 , -(CH^-SH, -(CH^-alkyl, -(CH^n-S-alkenyl, -(Oyn-S-alkynyt, -(CH^-S- 
(CH 2 )m-R 7 , -C(0)C(0)NH 2 , -C(0)C(0)OFi ' 7 ; 
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represent5 Mrogen, a halogen, a alkyl, a a&enyl, a alkynyl, an aryl, -<CH 2 ) m -R 7 . 
(CH^-OH, -{CH^-O-alkyl, -(CH^-CMilkcnyl, KCH^-O-alkynyl, -{CH^-O- 
(CH^-R,, -(CHj^-SH. -(CH 2 ) m -S-aIkyl,^CH 2 ) in -S-alkenyl, -(CH^-S-alkynyL - 

R 7 represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl, 
cycloalkyl, cycloalkenyl, or heteroeycle; 
R 30 represents a C-tenninaJly linked amino acid residue or amino acid analog, or a C- 
tenninally linked peptide or peptide anafeg, or an amino-protecting group, or 



i? 



S O 
R6-C-. R«-<!— ; 

o 

R 32 and Rg,, indepedently, represent small hydrophobic groups, preferably lower alkyls, 
and more preferably methyl; 

Y, and Y 2 can independently or together be OH, or a group capable of being hydrolyzed to 
a hydroxyl group, including cyclic derivatives where Y, and Y 2 are connected via a 
ring having from 5 to 8 atoms in the ring stnjfcture (such as pinacol or the like), 

m is zero or an integer in the range of 1 to 8; and *is an integer in the range of 1 tog. 



33. The method of claim 32, wherein administq'Hng the boronyl peptidomirnetic reduces 
one or more of insulin resistance, ? glucose intolerance, hyperglycemia, 
hypcrinsulinemia, obesity, hyperlipemia, Hyperlipoproteinemia. 

34. The method of claim 32, wherein the boronyl peptidomimetic has an EC50 for 
modification of glucose metabolism which ill at least one order of magnitude less than 
its EC50 for immunosuppression. 

35. The method of claim 32, wherein the boijonyl peptidomimetic has an EC50 for 
inhibition of glucose tolerance in the nanomolar or less range 

36. The method of claim 32, wherein the bdronyl peptidomimetic has an EC50 for 
immunosuppression in the uM or greater ran'ge. 
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>. The method of claim 32, wherein the boronj ] pejrtidomimetic is orally active. 



:. A method for modifying glucose metabolism of an animal, comprising administering 
to the animal a composition including btionyl inhibitor of ^tidomimetic of a 
peptide selected from the group consisting Pro-Pro, Ala-Pro, and (D>Ala-<L)-Ala. 
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